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POSSIBLE CHANGES IN THE MATHEMATICAL SYLLABUS 
FOR THE SCHOOL CERTIFICATE EXAMINATION * 


Mr. C. T. Daltry (Roan School, Greenwich) : This afternoon’s discussion was 
originally planned for the Annual Meeting of January, 1940. The necessity for 
such a discussion in 1940 had arisen from the work of the Examinations Sub- 
committee of the Teaching Committee. This sub-committee was set up at the 
end of 1938 to consider various difficulties arising from the variation of sylla- 
buses, and to deal with criticisms of questions. It began work in 1939 and 
soon encountered two major difficulties. I refer to these briefly as “‘ Facts ”’ 
and “Values”. The first difficulty arises from considering the School Certifi- 
cate examination on a national basis. We have then to deal with the regula- 
tions of eight examining bodies between whom there is no agreement over the 
syllabus, the interpretation of the syllabus, and the form of paper, in any 
branch of elementary mathematics. There is not even any agreement as to the 
duration of papers ; in 1939 papers in mathematics varied from 1} to 3 hours. 
The first necessity is, therefore, to realise the facts, in which connection I shall 
frequently refer to the papers set by two examining bodies. The first paper 
is the ‘‘ Section A and Section B ”’ paper typical of the Northern Universities 
Joint Board, and the second is the “‘ mixed-subject ”’ paper set by the Oxford 
and Cambridge Joint Board. 

The second difficulty which faced us in 1939, and which still faces us, is 
that of values. If we are to make a modification of the syllabus, then we have 
to make some appeal ultimately to what we consider the real reason for 
examining a particular item. Are we, for instance, to include questions 
on variation? Are we to include questions on progressions, solid geometry, 
navigation? The ultimate test to be applied when answering these questions 
is the test of values. I do not intend to discuss that now, but I ask you to 
bear in mind that these deeper considerations are in the background. 

We all suffer, perhaps, from lack of any agreement on values when we are 
discussing what is desirable in mathematical examinations, apart from the 
existing set-up of those examinations as we know them to-day, and I confess 
that when the sub-committee began its work in 1939 one member, at any 
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rate, was dismayed by the dimensions of this problem. By the summer of 
1939 the sub-committee had decided to consult the Association as a whole in 
order to ascertain the currents of mathematical opinion. It was suggested that 
there should be a meeting in January, 1940, but by the autumn of 1939 we 
all had other things to think about and after then it was impossible for us to 
continue our work. Members were scattered, the chairman of the sub. 
committee was stricken with blindness, and nothing really useful could be 
done. On the other hand, the war did bring a certain measure of enlighten. 
ment. Many members moved about the country ; we met colleagues who 
prepared pupils for different Certificate examinations ; we had boys coming 
to us who had been prepared for other examinations. However, it still seemed 
impossible to revive committee work, essentially on account of the difficulties 
of travelling to town for Saturday meetings, and the matter remained in abey. 
ance until, towards the end of 1942, a new element was introduced when the 
Cambridge Local Examinations Syndicate notified the Mathematical Associa. 
tion that it proposed to issue an alternative syllabus in geometry and trigono- 
metry. Dr. Powell of the Cambridge Local Syndicate is with us this afternoon 
and will speak on the origins of that syllabus. But as far as the work of the 
Examinations sub-committee was concerned, we welcomed it, because the 
Cambridge Local Syndicate had attempted a revision of the most controversial 
part of the syllabus, namely, that dealing with geometry. Incidentally, the 
Cambridge syllabus was an alternative syllabus intended to help the weaker 
brethren, not intended for everybody, whereas the changes we are discussing 
now are changes which could reasonably apply to the syllabus fer all pupils. 

The Cambridge syllabus proposed four changes which were extremely 


attractive. The first was that it reduced the number of theorems required in F 
| They | 


geometry ; secondly, it fused geometry and trigonometry ; thirdly, it intro- 
duced new material, the A.T.C. work, for instance; and, fourthly, it re- 
arranged the geometry paper. 

Some of these changes had been considered in 1939 by the Examinations 
sub-committee, and their reappearance in 1942 suggested that the whole 
subject of possible changes might be re-opened for consideration, and steps 
were taken by the officers of the Association to that end. We have with us to- 
day representatives of other bodies, and I should like to say that any initia- 
tive we took in this matter of fresh syllabuses was not due to any desire to 
push ourselves or to grind any axe, but simply arose out of a passionate 
interest in the teaching of mathematics in this country, with which the Mathe- 
matical Association has been traditionally concerned, and a genuine interest 
in the examination of mathematics. The attention of all members was drawn 
to these matters by notices and letters in the Gazette. Meetings were held in 
London early in 1943 and at various Branches in the autumn of 1943. Further- 
more, in midsummer 1943 the Cambridge Syndicate took a further step on the 
initiative of Mr. Brereton, the Assistant Secretary, and convened a meeting of 
representatives of all examining bodies, to which the Mathematical Association 
was asked to elect representatives. That meeting took place in September, 
1943. 

In connection with meetings of Branches of the Association arranged for the 
autumn of 1943 it seemed desirable that members should realise some of the 
facts concerning this matter. Mrs. Shuttleworth, a member of the Examina- 
tions Sub-committee, prepared, at short notice, a questionnaire for a meeting 
of the Sheffield Branch, drawing attention to essential points in the Cambridge 
syllabus and other points of wider significance. That questionnaire has gone 
to most of the Branches and accounts of the results of meetings have appeared 
in the Gazette. Pressure on space prevented the publication of the question- 
naire itself in the Gazette, 
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The first section of the questionnaire dealt with the Cambridge alternative 
syllabus ; the second with examination syllabuses in general. In interpreting 
any of the results of the questionnaire I wish to be scrupulously fair, because 
we all know how the wording of a questionnaire may affect the results. For- 
tunately, we have with us this afternoon representatives of Branches who may 
be able to give us further impressions, but I think I should say that the 
Cambridge Local Syndicate syllabus was very generally approved, and that 
teachers showed great interest in further modifications. 

There are one or two points with regard to the questionnaire to which I 
night now refer. First, it was generally approved that the number of theorems 
should be reduced, but, so far as I can see, there was practically an equal 
balance of opinion as to whether the reduction should be expressed in the form 
of a rigid scheme, a fixed sequence, or something of that sort. Furthermore, 
among the theorems which members felt it undesirable to prove in examina- 
tions were those on the conditions for similarity. Also, in the matter of the 
practical material there was a good deal of diversity of opinion as to whether 
it was desirable to introduce such material or not. In the Gazette for December, 
1943, will be found some interesting figures showing the opinions of members 
of the Nottingham Branch on this and on other points. 

Before I leave the questionnaire I should mention that at the end there was 
a reference to School Certificate mathematical syllabuses in general, and in 
that a question as to what other mathematics would be welcome. A reference 
was made to calculus. At Branch meetings there appears to have been some 
uncertainty over the suggestion that parts of the algebra syllabus might be 
modified and that some elementary calculus might be undertaken. I should 
say that algebra has not, generally speaking, been considered by the Branches. 
They have given their attention mostly to geometry. But you will have 
noticed an extremely interesting article by Mr. Snell in the Gazette for October, 
1943, in which he considers the algebra syllabus. 

I now turn to a further development which took place when the representa- 
tives of the examining bodies met in September, 1943, a meeting of which an 
account appeared in the Gazette for December, 1943. You will have read the 
information that the meeting had before it. Arising out of the discussion at 
that meeting a committee (the Jeffery committee) was set up to re-draft a 
suitable syllabus, one which should be suitable for all candidates of School 
Certificate stage, which should meet the various points that had been raised. 
On the back of the leaflet announcing the original Cambridge syllabus there 
was a reference to the accuracy of numerical work, and although I have said 
nothing about that I think the point had arisen because there was a feeling 
that a good deal of numerical work in elementary mathematics had become 
rather inaccurate, that marks were being given for method perhaps a little too 
generously, and that not sufficient stress was given to accuracy. 

So far I have given the historical background of the matter and I have tried 
to bring before you a certain amount of evidence. I wish now to consider the 
nine items on the programme before you and to give you any relevant facts 
that have come to my notice, stating as fairly as I can such opinions as have 
been expressed, and suggesting a few conclusions which appear to follow. 
Here are the nine points : 

(i) A considerable reduction in the number of theorems of which proofs 
are required and in the number of such proofs demanded in any 
one examination. 

(ii) A more definite fusion of geometry and trigonometry with consequent 
removal of overlapping. 

(li) Inclusion of three-dimensional work and of problems connected with 
navigation, etc. 
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(iv) A definite reduction in formal algebra, both in regard to amount 
demanded and to the difficulty of examples. 

(v) A greater emphasis on the “ function and graph ”’ idea. 

(vi) The substitution of easy calculus for the parts of Algebra eliminated 
from the syllabus. (Questions not to involve formal notation and 
to be optional.) 

(vii) Adoption of the “ mixed-subject”’ type of paper, which permits 
greater variety of questions and emphasises the “ unity in variety ” 
of Mathematics. 

(viii) An easing of the complexity of calculation, with a consequent stiffening 
of the standard of accuracy demanded; e.., by a Section A of 
short questions in which accuracy would be the principal requisite, 

(ix) Inclusion of elementary kinematics: based mainly on graphical ideas. 

The first three items on the programme deal with Geometry, and it is clear 
that teachers are prepared to welcome a substantial reduction in the amount 
of formal book-work in that subject. The difficulty is to decide what should 
be the residue after that reduction has been made. Should there be a dozen 
theorems or sixteen? On that, there is no clear trend of opinion. You must 
bear in mind that if the theorems are reduced to, say, sixteen, and three of 
those are on the paper, then the reappearance of the theorems is going to 
become a matter which can be prophesied with a certain amount of accuracy. 
There is, as I have said, a sort of 50-50 balance of opinion, so far as one can 
detect, over the question whether there should be a rigid and defined syllabus ; 
in other words, whether everything should be so clear that the pupils know 
quite definitely what they have to assume. In that connection a great deal of 
argument is possible. I can only suggest that one feels, after listening to 
discussions on this, that if there is a rigid scheme, we shall possibly be sacri- 
ficing the substance of geometry for the shadow. One or two of the Branches, 
the Midland Branch for instance, have suggested that if the scheme is so 
precise that a candidate knows precisely what he has to assume and what to 
do, then when he is confronted with the paper he is really left with very little 
original thinking. 

I ought to draw attention to the fact that there have been many suggestions 
that there is no place for the writing out of theorems in an examination. I am 
astonished by the number who are prepared—and, please, these are not 
members of the Mathematical Association who are anxious to grind a mathe- 
matical axe; many are those who look at the matter with, perhaps, more 
detachment—to say that they would be willing to see exclusion of formal 
proofs of theorems. I feel that is going too far; that it is too large a step to 
take at this stage, and I suppose, in a way, one feels it is unnatural in geometry 
to exclude proofs of theorems whose demonstration is not immediately obvious. 

In connection with this treatment of theorems I wonder sometimes whether 
there is a psychological reason why we are inclined to retain theorems in 
examinations, in so far as they give the weaker pupils, on whom our thoughts 
are often concentrated, a chance to make a start. I suggest that in recent 
years there have been modifications in Geometry papers which do give the 
weaker brethrén a considerable chance. For instance, much greater use is 
made of numerical exercises and of diagrams. You will see them, for instance, 
in common entrance papers. Furthermore, greater use is made of simple 
two-step riders or even simple three-step riders. I suggest there is a case for 
advocating the inclusion of this very simple work to balance the apparent 
hardship suffered by the weaker brethren if theorems are excluded. Indeed, 
I feel that in this matter of geometry we should perhaps quote a phrase which 
some of you may have read in the Civil Service syllabus, that ‘‘ candidates 
shall be expected to show a sound appreciation of geometrical properties ”. 
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Indeed, although it is agreeable to argue about theorems, I suggest—and this 
is a personal view—that we should give our minds to including more geo- 
metrical material, by which I mean including more work in solid geometry or 
more work on loci, or on plan and elevation. It does seem a pity—this also is 
a personal view—that candidates should leave school, having taken their 
Certificate examination, without showing that they can construct a parabola, 
or an ellipse, or without knowing anything of the generation of a curve by 
means of moving lines, or without knowing very much about solid geometry. 

The next item on the programme proposes ‘‘ A more definite fusion of 
geometry and trigonometry with consequent removal of overlapping”. The 
advantages are perfectly clear. The point to aim at in that connection seems 
to be the use of the ratios for the obtuse angle, including use of the sine rule 
and the cosine rule, but possibly excluding formal proofs as required in an 
examination, the difficulty being that if they are included many candidates 
will reproduce what they have had drummed into them without much benefit. 
Simple numerical trigonometry is already included in most School Certificate 
schedules. It only remains to take a slight forward step to extend this to the 
trigonometry of the obtuse angle. 

The third item on the programme, on solid geometry, needs little advocacy 
from this platform, because it has been advocated by the Mathematical 
Association for many years. With simple solid geometry might also come 
applications of geometry to new fields, such as plan and elevation, navigation 
and A.T.C. work. Some of the ladies suggest that girls may find these applica- 
tions difficult or unsuitable, and it has even been suggested that if the naviga- 
tion work is introduced for boys, then there might be some counterbalancing 
items introduced for girls. Unfortunately, nobody has yet been able to suggest 
suitable material. Indeed, it has been put very strongly that girls and boys 
live in the same world and that girls are just as interested as boys in these 
A.T.C. questions. 

The first three items of the programme one might regard, so to speak, as 
priority No. 1 in this matter of possible changes. Priority No. 2 comprises 
items (iv), (v), (vi), dealing with the possible reduction of formal algebra and 
is a good deal more controversial. It has not had a great deal of discussion in 
public, and the essential point I wish to make is that many teachers desire a 
substantial reduction of manipulation in algebra. You will have read some- 
thing about this in Mr. Snell’s article in the Gazette. If we do aim at substantial 
reduction in algebra, then we are faced with the difficulty that there will not 
remain sufficient algebra to make a School Certificate paper. Therefore, we 
have either to bring in fresh material or to adopt papers combining algebra 
with geometry and trigonometry. There is an agreeable way in which we can 
overcome this difficulty by introducing a certain amount of new material, 
which to many members of the Mathematical Association will be a welcome 
advance, to introduce the very simplest elements of the calculus. 

In considering the composition of the syllabus the Jeffery committee made 
use of what I should like to call the ‘‘ comparison test ’’, suggested by Mr. C. W. 
Parkes. When preparing a syllabus, apply the argument: ‘ Is A preferable 
to B?” and applying this test we may ask: ‘“‘ Is the introduction of simple 
calculus better than the retention of many of the things which do at present 
appear in algebra papers?’ Algebra syllabuses and papers are an odd study. 
They contain the basic manipulation, and then some more elaborate manipula- 
tion, and then a number of border-line topics. Some papers contain questions 
on arithmetic and geometric progressions, some contain questions on surds, 
logarithmic notation, elaborate fractional indices, variation, ratio and propor- 
tion. From these odd items examining boards select two or three and thus 
round off the algebra syllabus. I strongly advocate, though I appreciate that 
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there may be some equally strong views on the other side, that instead of these 
bits and pieces we should aim at including the elements, the simplest notions, 
of the calculus. The difficulty is: how simple? I suggest that there should 
be work on graphs, on functionality, variation, the differentiation of simple 
quadratic functions and of very easy cubic functions, including sketch-graphs 
of these functions, and that pupils should be expected to understand the 
significance to be attached to the words “ differentiate ” and “‘ integrate ”’, and 
that they should understand something about gradients of curves. This is a 
very important step which we should be prepared to take. I believe quite 
firmly, from such experience as I have had, that pupils can learn the simple 
elements of calculus at this stage. I do net wish to advocate any notation, 
I suggest indeed that no specified notation should be required in examination 
syllabuses, but that simple exercises such as I have mentioned, together with 
the natural extensions to maxima and minima, and possibly to rates of change, 
can be attempted and should be included. 

You may have noticed that (ix) on the programme refers to kinematics. The 
nine points are not of equal value or merit, and (ix) is quite trivial in com- 
parison with (vi), dealing with the substitution of easy calculus for parts of 
the algebra eliminated from the syllabus. But some members who would 
introduce the calculus, perhaps through kinematical ideas, might feel that 
it should be included. 

I said earlier that if we cut out a great deal of the rather unnecessary mani- 
pulation in algebra we should have insufficient algebra left to make a paper. 
At the same time, there might be many who would hardly support an algebra 
paper plus the calculus. Is it not possible to solve all our difficulties by re- 
arranging the form of the paper? I suggest that it is. The suggestion I wish 
to put to you—comprised in the seventh and eighth items on the programme 

is that the form of the paper in elementary mathematics should be a com- 
bination of the forms which are now adopted by the Oxford and Cambridge 
Joint Board and the Northern Universities Joint Board ; that is to say, a 
Section A and Section B paper, and that the questions should be mixed. 
Section A—and if you like you can think of “ A” as meaning accuracy— 
might count 40 per cent. In Section A might be included calculations, the 
basic manipulation and various other fundamental things which seem naturally 
to come in here in accordance with what I have seen. For instance, we might 
well introduce geometry through numerical work, riders based on diagrams, 
and perhaps straightforward two-step riders. Furthermore, we can here 
introduce simple problems. Problems in algebra are a topic which can be 
fruitful but which in examination papers produce rather tiresome questions. 
In a paper of optional questions it is necessary to set a problem which is fairly 
complicated and really not a very useful exercise. If you adopt the modifica- 
tion which I suggest it will be possible to introduce simple problems in Section 
A—they would rank as half a question, say—and that difficulty would be 
avoided. Also in Section A could very well be included the trigonometry of 
the acute angle. It is clear that a candidate putting up a good performance 
on that would be well on the way to a pass. That Section A would be a com- 
pulsory section. It would be composed of short questions. Questions could 
be sub-divided. 

In Section B, the second section, there should be a choice of questions and 
in that could be included applications of arithmetic and algebra. I say little 
about arithmetic because the other matters seem more important. You could 
also introduce theorems, but at this stage you would be somewhat restricted : 
you would not be able to give theorems undue preponderance. It might, in 
fact, be desirable to have not more than two theorems or, indeed, not more 
than one theorem in any paper. There could be introduction of trigonometry, 
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including navigation work or solid geometry and calculus, it being understood 
that there would be a choice of questions, and candidates who had been unable 
to complete the syllabus would not be unduly penalised. 

If you have listened to me so far you may feel a little overwhelmed by all 
this, but I preferred to show you what seems to many who have studied this 
question the ideal arrangement. I preferred to do that because any improvisa- 
tion, any tinkering about with the schemes of the eight bodies as we have 
them to-day, is really most futile. I prefer to show what seems to me to be the 
ideal. If you feel we should move in this direction, then there are three steps 
which we might take and which we might call first, second and third priority. 
The first priority seems to me the three items of the programme under the 
heading of geometry. That could be achieved, possibly, without adopting at 
the moment the Section A, Section B type of paper. The second priority, on 
which I think we should all be interested to hear the opinions of members, is 
the important matter of the introduction of very simple calculus to the ex- 
clusion of much of the rather pointless algebra which does still appear; and 
the third priority would be the type of paper I have suggested. - On this basis 
it would be possible to frame an alternative syllabus which would be suitable 
not merely for weaker pupils or the non-academic (which was the intention of 
the Cambridge syllabus), but suitable for all pupils taking a School Certificate 
course. 

The Jeffery committee, which had all this material to hand and which had 
great interest in the teaching of mathematics and considerable experience of 
examinations, had prepared such a syllabus and had also prepared specimens 
of papers for submission to a meeting of representatives of all the examining 
bodies. That meeting was held last Tuesday and it had been hoped that the 
results would be available for this meeting. That has not proved possible, but 
when the examining bodies have considered this syllabus and the specimen 
papers, the results of their deliberations will no doubt be available for your 
study and examination. It should be clearly understocd that no one is com- 
mitted to anything as a result of these deliberations, but that something 
on these lines has been put before the examining bodies for their considera- 
tion. 

Sometimes when considering this matter against the background of the 
events of 1944 one is apt to lose a sense of proportion. I know that that is my 
feeling when arguing over details of geometry syllabuses, and yet although 
this matter may seem slight by comparison with events in Europe, it is really 
very important. I find that two things sustain teachers of mathematics in 
these days: first, faith in their work, and secondly, faith in the future. I 
suggest that faith in our work will be materially increased and improved if 
careful consideration is given to the suggestions which have been put before us. 
As for faith in our future, we are informed by those who should be most 
competent to judge that in the next quarter of a century our existence as a 
nation may well depend on our ability to use our intelligence in conjunction 
with our hands, and in particular to use wisely the tremendous resources of 
scientific knowledge. The basis of this knowledge is mathematical, and I 
suggest that we should do well to aim at a wider diffusion of mathematical 
ideas on the lines which have been put before you. With these reflections I 
leave you to continue the discussion of these possible changes in the School 
Certificate examination syllabus. 

Dr. F. C. Powell (Gonville and Caius College, Cambridge): I gather from the 
Norwood report that the connection of the schools with the universities 
through the university examining bodies is thoroughly bad, and ought to be 
terminated at the earliest possible moment, and I was therefore surprised to 
find that the Mathematical Association should think it worth while to discuss 
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possible changes in an examination that already has one foot in the grave; 
moreover, Mr. Daltry’s remarks seem to imply that he, at least, looks forward 
to a further lease of life. But it was even more surprising that I, who am one 
of those who are, I presume, to blame for the unhappy state of affairs that js 
said to exist, should be asked to take part in the discussion. For I can assure 
you that I have no qualifications to speak on the subject. 

I have, however, given a good deal of thought to the matter. Some of you 
will know that the Cambridge Local Examinations Syndicate has recently 
issued a new syllabus in geometry and trigonometry and my attention was 
first drawn to these matters as a member of the committee which drew up that 
syllabus. The syllabus does attempt to incorporate some of the changes 
suggested for discussion to-day: fewer theorems; a fusion of geometry and 
trigonometry ; more three-dimensional work ; more applications to practical 
problems. I thought that it would mterest you if I tried to outline the general 
lines of thought that led to the creation of the syllabus. Let me say at once 
that I do not suppose it to be perfect or anything near perfect ; but ~ do 
suggest that the general ideas on which it is based are worthy of serious con- 
sideration. 

There are two distinct approaches to subjects like arithmetic and geometry ; 
that of the pure mathematician and that of the physicist. Let us take arith. 
metic first. The pure mathematician starts with a number of axioms about 
symbols which he calls positive integers, and by logical processes builds up an 
elaborate structure: the theory of integers. All the interest is centred on the 
logical aspect. The physicist on the other hand starts with the experimental 
procedure of counting, that is, attaching a series of labels 1, 2, 3,.... He ob- 
serves that if he puts a group of 5 objects and a group of 3 objects together, 
and counts the whole, he gets the same answer whether he starts with the 5 or 
with the 3. He tries this with groups of other sizes, and after a few experi- 
ments he discovers the physical law expressed by x+y=y+2. He can never 
be sure that this is true: all he can say is that it holds in all the particular 
experiments he has carried out. 

These processes of experiment and generalisation are characteristic of a 
science ; they are quite foreign to pure mathematics. Proceeding in this way, 
the physicist arrives at a number of physical laws, the mathematical expres- 
sions of which are identical with the axioms of the pure mathematician. From 
this stage, their paths are parallel. But there is an important difference ; for 
the mathematician, a theorem is true if the logic is perfect ; for the physicist 
the truth of a deduction can be tested only by experiment. What he tests, of 
course, is not the correctness of the logic, but the correctness of the processes 
of generalisation by which he was led from his initial experiments to his funds- 
mental physical laws. To sum up, arithmetic is, for the physicist, the experi- 
mental science of counting. 

The position of geometry is similar. The pure mathematician starts with 
axioms about indefinable elements which he calls points and lines and dis- 
tances. The physicist starts with a sheet of paper and a ruler and a pair of 
compasses and protractor, and tries to discover physical laws that will embody 
the facts he observes. Both mathematician and physicist will hail the theorem 
of Pythagoras with delight ; but if you ask “‘ Is it true? ” the one will say “I 
can see no flaw in the argument ”’, the other will draw a right-angled triangle 
and measure the sides. 

What is the best approach at the School Certificate stage? Nobody in his 
senses would suggest the pure mathematician’s approach to arithmetic. We 
all learn arithmetic by experiment ; the theory of integers is reserved, quite 
properly, for the professional mathematician at the university stage. 

The tradition in the teaching of geometry is different. No doubt geometry 
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started from the physicist’s point of view, in attempts to build houses, to 
sail boats, and to measure land. But the Greeks took up the study of geometry 
as pure mathematics, and for centuries it was traditional for boys to learn 
Euclid from the abstract mathematical point of view. Nowadays, I imagine, 
boys and girls start by drawing and measuring and generalising their observa- 
tions in the true spirit of the physicist, but it seems to me that, by the time the 
School Certificate stage has been reached, the subject has turned into pure 
mathematics, and that if you asked the average School Certificate candidate 
“Is the theorem of Pythagoras true? ’’ he would not know what to do or say. 
[should not have known, quite certainly. 

Now it seems to me of the utmost educational importance to make it quite 
clear that what the mathematician means by proof is quite different from what 
the physicist means, and that geometry should be taught either as physics or 
as mathematics, not as a hybrid. In the Cambridge syllabus a definitely 
physical approach is intended. That is the first point. 

The second point is this : few boys or girls at the School Certificate stage are, 
limagine, very much interested in logic or excited by the aesthetic side of 
mathematics. Many more are likely to be stimulated by the physicist’s 
procedure of observation, generalisation, logical deduction and experimental 
test. That is why we proposed the physical approach. But there are many 
boys and girls who are not much interested in that either. Many will ask : 
“What does it all lead to? ’’. For that reason we tried to devise a course that 
would lead up to a number of applications to practical affairs of obvious value : 
plans and elevations for the builder or architect (even the housewife loves to 
plan the garden and to design the ideal house), navigation for the airman and 
the sailor (a lot of critics say that the A.T.C. business is a temporary war-time 
phenomenon ; I am not sure about that, but I would point out that we are a 
seafaring nation and have been for quite a long time). 

My third point is that it is desirable to cut down the number of theorems as 
much as possible—everyoné seems unanimous on that point. We therefore 
took as our starting point all the well-known and obvious geometrical facts, 
and did not bother with their logical connections; for example, we did not 
include theorems about alternate angles being equal, or about the symmetry 
properties of the isosceles triangle. We also rejected theorems that did not 
lead directly to the results needed for the chosen practical applications: for 
example, the theorem that in a triangle the greatest side is opposite the greatest 
angle. 

I know that this is just one of several ways of cutting down the number of 
theorems. Some say that there are still too many theorems in the Cambridge 
list, but some of them are merely proofs of trigonometrical formulae. Many 
experienced teachers prefer a method of selecting key-theorems ; they take 
the view that it is more important that each theorem should bring out some 
new method or some important property, and be inherently attractive and 
have plenty of interesting and immediate consequences than that the theorems 
should fit together into a strict logical sequence. It is this sort of thing that I 
hope you will discuss. 

Ihave not attempted to cover all the ground, but I have, I hope, mentioned 
some of the points that are worthy of discussion. The first examination on the 
new Cambridge syllabus will be held this year. The size of the entry is not yet 
known, but the indications are that it will be encouragingly large. Several 
teachers have declared their intention of putting in one or all of their forms for 


; the new alternative paper, and there can be no doubt that many teachers in 


a boys’ and girls’ schools are ready to experiment with a syllabus on these 
ines, 
Mr. L. W. F. Elen (Technical College, Coventry) : It seems to me that the 
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new Education Bill is going to have a profound effect on the School Certificatg 
examination, because we are envisaging at least two types of secondary schoo] 
with equal status. It seems that the junior technical school will, in future, 
have boys and girls of equal intellectual ability with those attending the older 
type of secondary school and, consequently, a School Certificate will have to 
be introduced for the junior technical schools along with the old type of 
secondary school. It seems that there will have to be, probably permanently, 
two separate mathematical syllabuses. 

The following points occur with regard to the present mathematical syllabus 
and the modifications which it seems to me should be introduced. The tech. 
nical colleges of the country have on hand a big scheme for training technical 
officers for the armed forces. The students are aged about eighteen. They all 
have School Certificate and they must have a credit in Mathematics or one of 
the sciences. Most of the students had done no mathematics for two, three or 
even four years before they returned to take up the course and, consequently, it 
was interesting to see what they had retained of the work they had previously 
done in school. I must confess that I was disappointed with the result. We 
have two classes of twenty-four in each; the amount of geometry remembered 
by those boys was very small. Not only had they forgotten the formal! proofs, 
which was to be expected, but also they had only a faint idea how to apply 
geometry in practice. 

In considering the geometry syllabus it seems we should cut out all those 
theorems which are intuitively obvious. It is a somewhat peculiar occupation, 
which most school] children cannot understand, to start off with certain axioms 
and prove from those results which are equally obvious to anybody. We 
cannot justify that, and consequently I would like a much more drastic cutting 
down of the theorems than has been proposed. It seems to be unnecessary to 
set formal book-work in the examination. We can still give questions which 
the weaker pupils can answer without having to give them what is merely 
repetition work. I suggest we cut down the theorems to those such 
Pythagoras’ theorem and the angle and intersecting chord properties of a circle 
which by no means could be called obvious. 

I agree with the introduction of trigonometry and its amalgamation with 
geometry. There should be a good deal more three-dimensional geometry, 
including three-dimensional drawing of the plan and elevation type. 

I notice a considerable weakness from the point of view of mensuration. 
In the London School Certificate syllabus, until recently at least, there wasa 
tendency to leave out questions on mensuration formulae which could not be 
proved. I would like many more mensuration problems included in ou 
arithmetic. In this connection I plead for teaching of the principle of the slide 
rule, for here we have a practical and concrete application of mathematics. 
The slide rule is universally used throughout the engineering industry, and it 
is strange that all our pupils should leave secondary schools, and maybe th 
university, without having ever seen a slide rule and without having th 
faintest idea of how it is used, when it is used and why it is used. If we uses 
practical instrument such as this we shall be relating mathematics much mor 
closely to its practical applications. 

Graphical work isvery important. I have recently spent over two years in the 
aircraft industry and in the course of my work there I found that graphs wer 
extensively used. It has to be remembered that sometimes it is necessary 0 
resort to graphical work when the mathematics is too formidable. In thi 
connection I notice that problems of maxima and minima have recently 
appeared, and that is all to the good. I also suggest that there should be som 
graphical work on experimental results even if we go no further than results 
which yield a straight line and the determination of the equation of the 
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straight line; that is, the translation, in effect, of experimental results into 
formulae in simple cases. 

In connection with practical work and calculus I consider-that we should 
not go beyond the graphical stage. If we go no further than the graphical 
stage we can give, at the School Certificate standard, practically the whole of 
the basic ideas that come into calculus. If we can thoroughly get into the 
minds of the pupils the basic ideas of calculus, then we shall have done a very 
good job, because I find that with the engineering cadets I have at the moment 
we have not nearly enough time to go into these fundamental ideas which they 
should really have had at a-much earlier stage. The fundamental ideas to 
which I refer are the slope of a graph and rate of change and also, wi:at has not 
been mentioned, the area under the curve which is quite as important from 
apractical point of view as the slope of a graph. 

I suggest we introduce some very elementary statistics into our School 
Certificate course, including at least a knowledge of the curve of standard 
deviation. Finally, it has been mentioned that we ought to have something 
about navigation. We should extend that to some general ideas about vectors 
and the application of vectors. The trend which is now obvious of making 
the mathematics syllabus more related to the practical problems for which 
mathematics is used is something that must be encouraged and developed 
still further in the future. 

Mr. K. R. Imeson (Watford Grammar School) : I should like to begin with 
two illustrations. The first might have been discovered in the realms of Cam- 
bridge mythology: ‘‘ A perfectly rough insect is moving with uniform speed 
on the surface of an elephant’s trunk in the form of an equiangular spiral. 
The elephant is moving up a plane inclined at 30 degrees to the horizontal ”’, 
and so on. The details may not be accurate, but the general impression 
remains. The second illustration is taken from a School Certificate paper of 
last year: ‘‘ The cost of hauling and stacking 2057 tons 6 cwt. 1 qr. of coal is 
£440 15s. 5d. Calculate the charge per ton to the nearest thousandth of a 
penny’. It seems that in certain respects we have not progressed very far 
from the days of Cambridge mythology. Although progress has been made 
by many individual teachers and by the Mathematical Association, in sug- 
gesting means of bringing school Mathematics into contact with everyday life, 
yet on the examination side much requires to be done. 

I think we tend to tackle the problem of what to include in a School Certifi- 
cate syllabus from the wrong angle. I have not heard during this discussion 
any mention of the purpose of mathematical teaching, and I should welcome a 
discussion devoted to that subject. Having arrived at some degree of uni- 
formity on this point, we could then apply the test for inclusion of a particular 
topic. Does it help to fulfil this purpose, or does it not? It will probably be 
admitted that one of the purposes of education is to give a boy some under- 
standing of the world around him, and the study of mathematics can contri- 
bute to this purpose. If we can introduce a boy, through his mathematics, to 
problems of everyday life, we shall provide him with an interest which will 
encourage him to work harder and develop his natural aptitude in this subject. 
One might consider as an example the A.T.C. and the work it has done in 
providing an interest in mathematics for so many boys. These boys have an 
immediate purpose in view, and they work all the harder to achieve their goal. 
_T have mentioned only one aspect of the problem, but I would submit that, 
ifwe pay due regard to the various principles underlying the purpose of mathe- 
matical education, the details of the syllabus will settle themselves. 

Miss McLachlan (Leytonstone): I welcome the last speech. Having 
attended these meetings for some years past, and listened, some years ago, to 
paper on “‘ The Arithmetic of Citizenship ’’, I thought about it carefully and 
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as a result started a course with my pupils beginning on Budget Day. I take 
the newspaper into the classroom to teach with it ; and after dealing with 
income tax, not at Is. 2d. or 10d. in the pound but as it really is, we pass on 
to National Health Insurance, etc. The result is that classes that haye 
previously found Mathematics a dull subject suddenly become revitalised. 

One day, being engaged on other school business, I had to leave my notes on 
the subject with the prefect to take the class, while another member of the 
staff was in the room doing her own work. She became so absorbed in what 
the girls were learning that she left her own work and told me afterwards how 
much she had benefited by it. 

If we are going to ask for a new syllabus, can we introduce something on 
these lines ? 

A great deal of ignorance, a cause of social unrest, and a belief that the Gover. 
ment can pay for anything, are due to the fact that we do not teach about real 
life in schools. If that part of it does not come under Mathematics, under 
what subject does it come? 

At present it is not in the syllabus and during the difficulties of evacuation] 
was obliged, reluctantly, to omit it, to fulfil the requirements of the examina. 
tion, thereby sacrificing what some pupils feel is of more practical use to them. 
selves. Several people after hearing about this part of my work have regretted 
not learning it themselves at school. 

Mr. K. S. Snell (Harrow School): It has to be remembered that teacher 
have to deal with boys and girls of very different types. Even in one school 
and one School Certificate block there will be, possibly, five sets and the 
difference between top and bottom is enormous. As Mr. Elen suggested, we 
have to cope with different types of schools in the future, and the problem of 
the different kind of pupil is most important. 

Secondly, we are just ripe for experiment. We have all got ideas of what we 
want to teach and we do not all agree. I certainly do not agree, for instance, 
with all Mr. Daltry said, and it is right that we should disagree. If we ar 
trying to introduce something that is new we cannot, until adequate exper: 
ment has been made, ensure that we get the right thing. 

If we are to work with those two principles in mind it seems that in framing 
any sort of syllabus of work we must have the minimum on which we can 
agree, and in that minimum syllabus we want reduction of excessively formal 
work in arithmetic and algebra and, possibly, reduction in geometry, and 
enough has been said upon that. We also want a wider syllabus which wil 
allow each teacher to go along different lines. From an examination point of 
view I need not go into details, but it would be possible to allow alternatives 
on which the teacher could decide. I do not encourage too many alternatives to 
the pupils, otherwise they get lost. But if some such alternatives are allowed. 
and on a wider syllabus, it will encourage all of us to make experiments. 

What the last speaker said is clearly of vital importance, but I rather dis 
agree with her when she says that the syllabus does not allow for such things 
as ‘“‘ Arithmetic of Citizenship ’’. I think it does allow of that. It remains for 
us in the schools to set questions which are of that type and for examines 
on a very small scale to follow suit. It is because we are so much bound by 
examinations that we tend to overlook the necessity of being practical 
our teaching. 

I agree largely with what has been said in regard to the introduction of 
trigonometry with geometry. I am, however, rather afraid of the present 
tendency to make geometry all practical, since I think for the abler type 
boy or girl we must permit the logical type of geometry to remain. Thats 
one of the items in the wider syllabus which I would wish to retain for somé 


pupils. 





As re 
think 1 
Daltry | 
mind. 
cally an 
last to d 
That is 
is rathe 
possibly 
the chie 
which b 
tion wit 
and do 
type wl 

I wou 
all teac! 
you fin 
probabl 
suppose 
boys an 

In th 
allow ac 
what we 
additio1 
examin 
that is « 


| The Ox 


who tal 
extrem«¢ 
it is alv 
matics ; 


_ we are 


done th 

Mr. I 
in the : 
bear in 


» not, is 


The Ed 
school— 
and a t} 
conside 
be any 
feelings 
1944, p 

If ch 
number 
of subje 
how. | 
and it i 
mathen 
chemist 
be two 
and on 
feel the 
science 


THE SCHOOL CERTIFICATE SYLLABUS 137 


As regards the other subjects to be introduced, calculus I at present do not 
think I could teach adequately to my bottom divisions, even the little Mr. 
Daltry suggested. It is the type of work which wants a rather more mature 
mind. I would tend to agree with Mr. Imeson that we could do it all graphi- 
cally and not go much further. That is a personal opinion. I should be the 
last to deprecate any attempt to work along the lines Mr. Daltry has suggested. 
That is one line which I think we should allow. My own particular pet hobby 
israther more on the introduction of kinematics by graphical work, statics, and 
possibly dynamics, but it would be, again, on very elementary grounds, and 
the chief reason for such a suggestion is that we are there in contact with ideas 
which boys in particular have ; but also we can introduce a certain collabora- 
tion with the work of the physics laboratory and the mathematical class room 
and do a few simple obvious experiments in the mathematical class room of a 
type which will appeal to boys and to some girls. 

I would argue in favour of the rather broad syllabus, with encouragement to 
all teachers to experiment upon lines which they think valuable, because when 
you find something which is of particular interest to the teacher he or she 
probably makes it of interest to the pupils. In answer to Mr. Imeson that, I 
suppose, is one of the purposes of our teaching ; if we can create interest in the 
boys and girls we have done one of the vital things. 

In these discussions I beg that we remember that the School Certificates do 


sf allow additional mathematics as a subject, and we must remember that much of 


what we want to introduce will be introduced to the more able boys who take the 
additional mathematics. There is a very surprising divergence in the different 
examining boards in numbers who take those papers, and I can only suggest 
that is due to the equally wide divergence of syllabuses for those examinations. 
The Oxford and Cambridge Joint Board Examination has a very large number 
who take their additional papers and, taken on the whole, I think they are 
extremely good. It is our experience at Harrow that out of, say, five divisions 
it is always possible to enter those boys in two divisions for additional mathe- 
' matics as well as elementary work. So I would beg that we remember that if 
we are anxious to introduce new things there is the possibility of that being 
done through additional papers as well as through the elementary papers. 

Mr. H. V. Lowry (Woolwich Polytechnic): In considering possible changes 
in the matherhatics syllabus for the School Certificate examination we must 
bear in mind that our intention, whether the Government really means it or 
not, is to have secondary education for all up to sixteen in the near future. 
The Education Bill suggests that there will be at least three types of secondary 
school—the present type, a type developed from the junior technical schools, 
and a type developed from the central schools. I suggest therefore that before 
considering possible syllabus changes we have got to decide whether there is to 
be any form of School Certificate examination in the last two types. My own 
— about this have been given in a letter published in the Gazette in May, 

44, p. 54. 

If changes such as I set forth were to be made there would be a far larger 
number of children taking School Certificate, and, in spite of a greater choice 
of subjects, probably there would be’more children taking mathematics than 
now. It will be one of the most important subjects in the technical schools, 
and it is to be hoped that a pass in mathematics will exempt a boy from the 
mathematics of the second year National Certificate courses in engineering, 
chemistry and building. We have to consider therefore whether there should 
be two kinds of mathematics syllabuses, one for the ordinary secondary school 
and one for the technical school, or a single syllabus for both. Personally I 
feel that there should be a common syllabus, but that any mathematical or 
science specialists should be encouraged to read extra mathematics. 
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In forming the common syllabus the present syllabus of the first and second 
year National Certificate courses might well be taken as a guide. This is not 
quite the same in all polytechnics, but most of them generally include the 
following : 


Frrst YEAR. Kevision of arithmetic. 

Algebra. Use and transformation of simple formulae. Simple and simul. 
taneous equations. Very easy factors and fractions with numerical or 
single-term denominators. Graphs up to quadratic expressions. Use of 
indices and logarithms (without much theory). 

Geometry and trigonometry. Elementary properties of triangles and paral. 
lelograms, Pythagoras’ theorem. Mensuration of figures formed from 
triangles. Sine, cosine, tangent of acute angles, solution of right-angled 
triangles. Sine and cosine of angles greater than 90°, from a unit rotating 
vector. Sine wave. : 

SecoND YEAR. Revision of first year syllabus. Simplification of fractions 
using only factors of 2*+pa+q and very easy cases of ax*+br+e. 
Quadratie equations. Graphs of harder expressions and graphical solution 
of cubic equation. Straight line law. Proportion and variation. FEvalu- 
ation of formulae by logarithms. Theory of indices and logarithms; 
logarithms to base e. 

Simple properties of circles and similar figures (no formal proofs expected), 

Six trigonometrical ratios of an angle of any magnitude. sin? @+ cos? @=] 
and easy identities from this. Graphs of sine, cosine and tangent. Sine 
and cosine rules and solution of triangles. Harder mensuration involving 
properties of circles and trigonometry. 

Graphical differentiation with meaning of rate of change. Graphical integra. 
tion including approximate methods for finding areas and volumes. 

This may sound a lot to cover but we spend much less time on algebra, 
doing only very simple factors and fractions, and the geometry we do is not 
much more than learning a few facts with the reasons for them. We do not 
ask any questions involving formal geometrical proofs. It must be remem: 
bered, however, that the students taking this course all do engineering drawing 
and so,learn quite a lot of geometry in that. This is the way in which a 
schoolboy ought to learn his geometry. Geometry as a logical system might 
well be made a separate School Certificate subject taken only by those with 
special ability in that direction. 

Mr. C. O. Tuckey (Charterhouse, and recently Winchester) : Returning to 
the nine points set out in the programme, there have been in my time two 
important cuttings down of the formality of the geometry. One is the putting 
of proofs of propositions about congruent triangles into stage A. In my 
opinion this should be followed by the putting of proofs about similar triangles 
also into stage A; that is to say, the facts about similar triangles, with the 
facts about congruent triangles, should be made part of the basis of the dedue- 
tive course and not part of that course. 

An even earlier development, and one of the most important—few here 
remember it—was the removal of Euclid Book II from the geometry syllabus 
by substituting for it some elementary algebra. If we are going to have fusion 
of geometry and trigonometry there is an opportunity for a similar removal, 
by the aid of a little elementary trigonometry, of the part of geometry which 
deals with areas of triangles on the same base and between the same parallels. 
If we establish the formula for the area of a parallelogram as ab sin @ and for 
the area of a triangle as jab sin 0 we have, as immediate inferences, all those 
propositions about triangles with the same base and the same altitude ; we 
also have triangles with the same altitude proportional to their bases, and, 
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yith about one line of proof, similar triangles being as the squares of corre- 
sponding sides. Thus if we fuse geometry and trigonometry there can be a 
wnsiderable cutting down of the geometry. These two points I wish to stress 
nore than the reduction of the number of theorems. The more we reduce the 
theorems the more certain we make it that the number left will be learnt by 
heart! 

Turning to algebra, in an article in the Mathematical Gazette (XX VII, p. 171) 
Mr. Snell suggested that the Algebra course should be lightened by cutting 
own factors and fractions. I should like members to consider what is their 
bject in teaching factors and fractions. Probably many teachers will find, 
ifthey examine their consciences, that they teach factors in order to be able 
to deal with fractions, and that they teach fractions as a particularly good 
llustration and test of factors! True, there is a certain type of problem 
about increase of cost meaning fewer items for the same money—a very topical 
problem—but this type of problem does not justify anything like the amount 
of work on factors and fractions that we actually put in. It is very much 
impler to tackle this type as a separate item. ‘That is one point I wish to 
make about algebra, that we should reduce the work both in factors and 
fractions. 

Iam doubtful about the introduction of calculus without formal notation. 
We should beware lest we are repeating an experiment which, as a matter of 
fact, has been made and failed, because there was a period—lI cannot be very 
precise as to the date—when we all taught the gradient of a curve as part of 
the early algebra course, and since then there has been a period in which we 
have dropped it. I believe the reason was that there was a tendency in teaching 
calculus without its notation to find one’s self repeating the process of differen- 
tiating from first principles rather ad nauseam. Differentiation from first 
principles is no doubt necessary in about three or four eases, those of x*, 7° and 
lt, but it can be overdone. It becomes very monotonous. It is much better 
touave a few easy formulae than difficult first principles. All the examiner 
could do was to vary slightly the function to be differentiated from first 
principles, and the monotony became so apparent that eventually the thing 
was dropped. At any rate I should deprecate the suggestion in point (vi) that 
the rules should not be taught. Again, optional questions do not replace 
compulsory questions, so that it would not help to fill the paper to cut down 
the algebra and put in optional calculus. It would not prevent the subject of 
algebra being too short for the paper unless the suggestion, which personally 
Ifavour very strongly, of mixed papers were adopted. It is high time that 
this Association gave its warm approval to the adoption of mixed papers. 

Mr. H. H. Watts (West Leeds High School) : The Yorkshire Branch of the 
Association met in October when this question was discussed and the Branch 
st up a small committee to discuss the mathematical curriculum. That 
committee is still in being and is trying to get something done. We started 
from the assumption mentioned by a previous speaker that secondary educa- 
tion would be widened considerably. Therefore we must consider not just the 
yllabus of grammar schools as at present but what we must assume, may be 
wrongly, will come in some years’ time. 

The Yorkshire Branch suggests that after a preliminary two years pupils 
will go on for another three years in a grammar, technical or modern secondary 
vhool. Therefore we assumed that in the first two years the syllabus should 
be the same for all so as to allow for transfer of pupils from one school to 
another. It did not seem that we could say that at the age of ten or eleven a 
pupil was going to be an engineer or a lawyer or anything else. It seemed 
necessary to allow for transference at twelve or thirteen when perhaps abili- 
ties could be more clearly seen. We produced a short syllabus which the 
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committee thought all schools should tackle during the course of the first two 
years. 

The committee was composed of representatives of grammar schools. 
technical schools and the University of Leeds, but on it there were no modem 
school representatives, so that their views have not yet been properly dis. 
cussed, but we are hoping to get such representation. 

We understand that the present large elementary school has two main 
streams of pupils and that the lower stream is approximately a year hehind 
the upper stream and so these children could not reach the same standard of 
work as those in the other schools ; however, they would not transfer to any 
great extent. It is felt that the other stream would be able to carry on with 
much of the work that the other schools are doing. The technical schools seem 
to need a syllabus much like the grammar school syllabus. The evidence the 
committee has had shows that the syllabus of the grammar school would be 
well received at the technical school, although it would be differently inter. 
preted. Emphasis would be laid more heavily on some topics than on 
others, as the speaker from Coventry suggested. 

With regard to the syllabus, it is much as most of us do in schools now. I 
the Stage A work in geometry we introduce rather more discussion and proof 
of a type which is not formal. The algebra consists of the work it is usual to 
do in the first year or year-and-a-half in the present schools, the aim being t 
attain facility in the use of symbols. 

With regard to the next three years we have discussed the syllabus of the 
grammar school. To date we have not got far with the other two. In the 
work to be done in the grammar school we are, I am afraid, at variance with 
what has been said by a number of speakers this afternoon. Our view was that 
manipulation is important, and that at present it is very poor. For the boy or 
girl going on to advanced course work in mathematics or science, or proceeding 
to a technical college, manipulation is important, and we felt that it has been 
sacrificed, and tends to be sacrificed still more, for the sake of dealing with 
topics which were interesting but could not be treated properly or thorough); 
and the treatment of which would lead nowhere in particular. So we, in our 
syllabus, retained much of what is in the syllabus at present. We did not cut 
out all harder fractions or equations. We felt that the pupils must have 4 
good grounding in factors before they could manipulate freely, so we kept 
those parts of the syllabus intact. I have a class of technical students and! 
find that their lack of algebraical ability is a continual drawback. Difficulties 
occur with integration because the pupils cannot deal with fractions or 
factors. 

The Yorkshire Branch committee felt that what could be done in the way 0! 
calculus would be done at the sacrifice of work which is more necessary ani 
more useful. 

With regard to geometry, we agreed very much with the Cambridge syllabus, 
and I think I can say that the points put forward by Mr. Daltry would met 
with the approval of our committee. There was not much on which we differed. 
Certainly there should be closer fusion between geometry and trigonometry 
We were not so impressed with the possibility of doing more three-dimensiona 
work and introducing it into the geometry syllabus for formal treatment 
Certainly three-dimensional work in trigonometry should be introduced, 
but anything of a formal kind would not be suitable or possible ; three 
dimensional work should be brought in incidentally, particularly in regard t 
trigonometrical problems. 

I have probably said enough to give you some idea of what the Yorkshir 
Branch thinks. I hope we shall eventually produce some sort of report which 
will summarise and state the views of the Branch. 
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Mr. E. P. C. Smith (Grammar School, Slough): We have made some progress. 
It is not so long ago in the history of the nation that I have recollections as a 
small boy of learning and sitting a written examination on the first 48 proposi- 
tions of Euclid in one year, and somehow mastering 150 propositions in the 
course of three years. For such an enormity on the part of the teaching 
profession there was a reason. The schoolmastering was in the hands of the 
cassicists. When the classical master got out the mathematical books he 
looked at algebra and said ‘“‘ Ugh! ’”’; he looked at arithmetic and said “‘ Oh 
Lord!’ ; then he looked at the geometry, saw Euclid’s Elements, and said : 
“ Ah, here’s something we can get our teeth into ; the sacred text of dear old 
Euclid B.c. 270 odd; that’s the stuff to give them’. And he gave it to us 
right and left. Of course there had to be an excuse, and the excuse was that 
“it is such good training in logic ’’. Well, Ido not know. It seems to me that 
to drag out a lot of axioms, none of which can be proved, and build a wonderful 
temple on them is the very reverse of logic. It is time those theorems went, 
and with them the riders which depend on them, because it is not possible to 
abolish formal logical proofs of the theorems without abolishing formal 
logical proofs of the riders also. The two go together, and I think they ought 
to go, because in my opinion what can be most usefully taught in geometry can 
be best taught by calculations. 

To give one illustration. I have now, for my sins, been compelled to teach 
boys solemnly for many years that equal chords are equidistant from the 
centre and, conversely, that the chords which are equidistant from the centre 
are equal. They always mix them up, of course. During the last few years I 
have cut those out : I teach them instead how to calculate the chord from the 
distance from the centre in numerical terms, and vice versa, and if then they 
have not got at the fact that equal chords are equidistant from the centre no 
formal proof will ever knock it into their thick heads! 

Mr. G. L. Parsons (Merchant Taylors’ School) : Speaking as one of the mem- 
turs of the sub-committee which worked on this syllabus, I have been much 
impressed while listening to the great measure of agreement that has been 
shown with the work we have been trying to do. It has been extraordinarily 
difficult, after a lapse of some four or five years since our last contact with the 
members of the Association, to go forward in the dark and take this 
opportunity that was given to us. This opportunity came along quite un- 
expectedly. We could not possibly have postponed our part until such time 
as this meeting had been held, so that we could then obtain the views of 
members. It was, therefore, necessary for Professor Jeffery and other members 
of the Association who were on the committee to push ahead in the dark 
without knowing to what extent we were really interpreting the views of the 
Association. We had, of course, the admirable documents, the reports of the 
Mathematical Association that had been published in past years, to go upon, 
and the work has not gone forward without some consultation with various 
well-known members of the Association who were interested in this subject. 
Nevertheless, the proceedings had to be, to some extent, tentative, and it is 
highly gratifying to me, and I am sure to the other members of the sub-com- 
mittee, to find so great a measure of support implied in what has been said 
this afternoon. Diversities in detail of course there must be and ever will be, 
but may I assure you that what was put forward in those documents does in 
fact meet a great many of the points made this afternoon. 

I would in particular refer to one point made by Mr. Snell which I regard as 
being of great importance, and that is the principle that we should in any 
syllabus leave some latitude for people to follow their own bent. That is of the 
very greatest importance, and it is why the choice of the particular form of 
the paper that Mr. Daltry put up was decided upon : definitely in the second 
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section of the paper some degree of choice is permitted, so as to allow teacher 
with some particular ideas to follow them out. 

May I say that it would help further progress on these matters if this 
meeting could arrive at certain resolutions embodying what has been said to. 
day. I do not know whether anybody else wishes to put them forward, but 
I have two that I think will meet with approval and two others which may 
not. I propose : : 


(1) That this meeting of the Mathematical Association is in favour of a 
general revision of the syllabus in Mathematics demanded of candi- 
dates for the School Certificate examination. 

I think it necessary we should say this, so that when these documents go up 
to the examining bodies they will know that behind them is the feeling not 
only of the few individuals who are elected to a committee and who may, 
perchance, be more progressive than the vast majority of the members, but 
that they do go forward with the backing of a large number of members of 
this Association. Also L propose : 

(2) That this meeting is in favour of a reduction in the number of theorems 
of which candidates are expected to prvduce a formal proof, and 
approves of the general principle that the work in geometry and 
trigonometry should be more closely co-ordinated. A more extensive 
use of three-dimensional ideas and more practical approach are also 
desirable. 

I have tried to crystallise opinions which seem to have been widely approved 
by the meeting. I hope those two resolutions will find a seconder. 

Mr. W. Hope Jones (ton): I gladly second both those resolutions. 

After a further short discussion with regard to the details of these resolutions, 
the President put them to the vote and declared them carried unanimously. 
He added : That should give the committee courage to carry on. 

Mr. Parsons: Might I proceed with the more controversial resolutions and 
propose : 

(3) This meeting considers that a reduction should be made in the amount 
of formal algebra and that the time thus saved should be given to the 
study of graphs and functionality. 

Mr. Snell seconded the proposition and it was carried with a very few dis- 
sentients. 

Mr. Parsons then moved : 

(4) This meeting would approve the introduction of elementary calculus, 
treated principally from a graphical angle, as an optional element in 
elementary mathematics papers. 

Mr. C. T. Daltry seconded this, and on being put to the vote the proposition 
was carried by a much smaller majority than resolution (3). 

The President (Mr. W. C. Fletcher) : You will agree that you have had a good 
two hours’ discussion. I must apologise for having followed my inclination 
rather than my sense of duty in taking the Chair, for I must confess that I have 
only heard very imperfectly—that is my fault partly, though not altogether. 
You have gone over so much ground that it is fair evidence that there is a good 
deal of interest in these matters. 

I wonder if any of you feel as I do—from the circumstances of my work, I 
mean—that while these changes, these arguments, about the use of mathe- 
matics and the reasons for teaching the subject are all interesting and impor- 
tant, there is also something behind possibly even more important and more 
interesting. Does it fall to the lot of any of you, I wonder, as it does to me, to 
be teaching pupils mathematics which they will never have occasion to use? 
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They are not going to be mathematicians in any sense of the word. ‘They are 
not going to have to use mathematics beyond the most elementary arithmetic, 
and yet—this is the point I wish to emphasise—it is very well worth teaching 
onthose terms. Personally, the one thing that to me is now worth carrying on 
is just the teaching, the human interest, the contact with living people whose 
minds are gradually opening. Personally I do not care whether you reduce 
the algebra or not, in this sense : that it is all worth doing ; that one is dealing 
with human individuals and giving them what they can take. 

The question was raised and underlined during the discussion : Why do we 
teach proofs in geometry? ‘“* Proof ’”’ is the wrong word in nine cases out of 
ten. It is rather explanation why the facts are so, and this puts it in a much 
more interesting light. I am teaching girls. A girl draws a figure and says, 
“Yes, the thing is so, but why is it so? ’’ There is the interest of the individual. 
If you sacrifice that you lose everything. And further, until you have awak- 
ened that, until you have learned so to handle your subject, however trivial it 
may seom, that it is of interest to the individuals whom you are teaching and 
so gaining their collaboration, then you are not teachers. 


NEW SOUTH WALES BRANCH. 
Report ror 1943. 


On the books of this Branch there are 144 Associates, quite a number of 
whom are not financial. It is intended in 1944 to have a drive among these 
members and others whose names are not on the books, in order to widen 
interest in the work of the Mathematical Association. Increased costs have 
also made it imperative to improve the financial situation. There are 18 full 
rombers. 

There were three ordinary meetings during the year, at which the main 
items of business were : 


’ 


Sir Isaac Newton ”’ ; 


(i) an address by Dr. Guy Griffiths on 

(ii) statements made on suggestions for organising the honours work in 
schools (Messrs. Hallett, Outten, Austin and Brother Liguori) ; 

(iii) an address by Mr. Outten, “The case for some standardisation in 
arithmetic ”. This led to considerable discussion, and was referred to a sub- 
committee for further report. 

The Officers for 1944 were elected as follows : President: Professor KE. M. 
Wellish ; Vice-Presidents : Mr. Austin, Dr. Turner, Mr. Thorne ; Joint Hon. 
Secretaries: Miss Ida Barnes, Mr. H. J. Meldrum; //on. Treasurer and 
Director of the Problem Bureau: Mr. R. J. Gillings. 

H. J. Mei.prum, Hon. Secretary. 


LONDON BRANCH. 


A MeEeTING was held at the Polytechnic, Regent Street, on 20th May. 

Mr. Bennett, Isleworth, described the design and use of the optical square 
clinometer, cross-staff and range-finder in the teaching of geometry. 

Mr. KE. P. Smith, Slough, outlined a syllabus in Second Year Geometry, 
which stressed drawing and calculation but contained no formal proofs. A 
discussion followed on the value of an appeal to reason in the whole of the 
geometry course. 
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THE MATHEMATICAL COURSE FOR SIXTH FORM 
SCIENTISTS * 


Mr. E. H. Lockwood (Felsted) : During last summer, the Science Masters’ 
Association was invited by certain examining bodies (the Oxford and Cam. 
bridge Joint Board, the Cambridge Syndicate and the Cambridge Scholarship 
Groups) to send in proposals for syllabuses in mathematics for science candi- 
dates. A meeting was held at Rugby, under the chairmanship of Mr. A. E. E. 
McKenzie, and was attended by five physicists, five chemists, five biologists and 
five mathematicians. The mathematicians were co-opted for the purpose 
through Mr. R. C. Lyness, who acted as leader of the group. They gave their 
opinion in a purely private capacity, though they were in fact members of this 
Association. Of course it would have been better if the question could have 
been dealt with officially by the Teaching Committee, but the Teaching 
Committee was occupied at the time with other matters, and clearly it would 
have required more than one meeting before proposals officially approved 
could have been put forward. Moreover the Association is represented on the 
sub-committee set up by the examining bodies and I have no doubt that 
opinions expressed at this meeting will be given due weight, through that 
medium. 

The leaflet distributed with the February Gazette gives details of the syllabus 
worked out for physics-chemistry candidates. This is at two levels, called 
“ordinary ”’ and “ advanced ”’, corresponding to the ‘“‘ School Leaving Exan- 
ination ”’ and the “ Scholarship Examination ”’ of the Norwood Report. The 
“ordinary ”’ syllabus represents a minimum course, to be covered if necessary 
in five terms’ work, starting from the standard of School Certificate ‘‘ Additional 
Mathematics ’’. Candidates for scholarships would usually have longer than 
this. 

It may even so be thought that this advanced syllabus is too long. If 80, 
we suggest that some of the less essential parts of it should be made into 
alternatives from which each teacher can make his own choice, thus leaving 
room for individual taste and for experiment. 

For the convenience of those teachers—most of us, I think—who have to 
teach scientists and mathematicians together, it is now proposed to telescope 
into this scheme the syllabus for mathematical specialists. This is at two 
levels, of which the upper (to be called ‘‘ Higher Mathematics ”’) corresponds 
to the present “distinction” level, and the lower is comparable with the 
“‘ advanced ” or scholarship level of the scientists. But although comparable, 
it is not identical : the mathematical specialist needs some geometry, and does 
not at this stage need such things as differential equations. These two groups 
can, however, be taught and examined together, provided that the items 
needed only by the scientist are grouped together and put into a separate 
paper alternative to the geometry paper for the mathematicians. We can thus 
abolish the rigid line between mathematics for scientists and mathematics for 
mathematicians. There will be four levels: ‘‘ Higher Mathematics ’’, corre- 
sponding to distinction standard; ‘‘ Advanced Mathematics ”’, which is the 
scholarship level for scientists, with an alternative geometry paper for mathe- 
maticians ; the “‘ Ordinary ” level for scientists ; and finally, the ‘‘ Subsidiary ” 
level. 

Among those likely to take ‘‘ Subsidiary Mathematics ” are the biologists. 
Their first need is of course mechanics, taken at least to the standard of School 
Certificate ** Additional Mathematics ”’, and this might well form one sub- 


*A discussion at the General Meeting of the Mathematical Association, April 13, 
1944; Professor E. H. Neville in the chair. 
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sidiary subject. Medical students will often be content with this: it will at 
least be sufficient to help them through their Ist M.B. physics. For those who 
already know some mechanics, and especially those likely to do biological 
research, something more is needed. It is therefore proposed that a further 
subsidiary subject should be provided, with a syllabus covering a descriptive 
knowledge of functions, based on variation and graphs, with very simple 
calculus. To this should be added a section on easy permutations and proba- 
bility ; with statistics as far as standard deviation, regression lines and the 
meaning of “‘ correlation’. This syllabus is not given on the leaflet, but I 
hope it will not thereby be excluded from the discussion. Though designed 
primarily for biologists, it may also prove attractive to non-science can- 
didates. 

Coming now to the “ ordinary ”’ or minimum syllabus for physics-chemistry 
candidates, we have worked on the principle that their mathematics should be 
related as closely as possible to their science. We believe that it is more 
important to show the relationship between the two subjects than to try to 
turn these candidates into pure mathematicians. We have therefore empha- 
sised calculus and the function idea at the expense of formal geometry, 
whether pure or analytical ; we have rejected certain topics in algebra ; and 
we have asked in mechanics for more attention to rotational motion and less 
academic statics. 

We have also asked that a less elaborate and less academic type of question 
should be set. As we all know, the average syllabus abounds in such words as 
“easy ’’, ‘““simple”’, “elementary ”’, and the average paper contains complicated 
and fantastic developments of the same subjects, far removed from anything 
that the framers of the syllabus had in mind. For this reason we have made 
up a number of specimen questions, some of which have been printed on the 
leaflet. They are mostly quite short and direct, and we think that some part 
of the examination should consist of questions of this type. We should also 
lke to see some questions of a more practical type, something, perhaps, 
nearer to what is found in the very admirable papers set for the Navy “ Special 
Entry ” examination. 

The scholarship syllabus follows similar lines. We have preferred differ- 
ential equations, vectors and complex numbers to the detailed study of conic 
sections, and we think that determinants are more useful and more interesting 
than theory of quadratics and the properties of binomial coefficients. 

I want to meet at once the argument that the scholarship examiner sets these 
things because he is trying to pick a certain type of mind. By setting a ques- 
tion on binomial coefficients, he is chiefly picking those who have been trained 
to do the appropriate tricks. The tricks of integration would provide just as 
good a test of ingenuity, would be a more useful study for the candidate, and 
more closely related to his other work. The argument may be, however, that 
it is not merely a question of ingenuity ; that the scientist should be taught to 
appreciate mathematics for its own sake ; that he should in fact bé a pure 
mathematician in his spare time. But what is the outlook of the pure mathe- 
matician? Not, surely, the merely negative one that mathematics should if 
possible be useless. I would rather think, if I may venture a description, that 
his i the mind in which the logical and aesthetic interests predominate. And 
to cultivate these I should recommend the study of determinants, vectors and 
complex numbers. 

I leave to Mr. Nobbs the more detailed discussion of our proposals. I look 
forward to hearing from Mr. McKenzie and Dr. Powell whether they are likely 
to be welcomed by teachers of science in schools and universities. 

Mr. A. E. E. McKenzie (Repton): It is a great pleasure and privilege to be 
asked to take part in this discussion, and I would like to thank you on behalf 








146 THE MATHEMATICAL GAZETTE 


of my fellow-members of the Science Masters’ Association for inviting us here, 
It is an opportunity for which we are very grateful. 

As Mr. Lockwood has said, this syllabus had its origin in a co-operative 
effort between mathematicians and the Science Masters’ Association last 
August. I think my best contribution would be to give some idea of the genera] 
background in which the syllabus had its origin and of the parallel activities 
that are taking place with regard to science subjects. 

The Science Masters’ Association had a sub-committee which for some years 
criticised the Higher Certificate papers, but last year we decided not to criticise 
papers but that we would revise the syllabus. Some of us had been very 
uneasy for a considerable time as to the general education of the science 
specialist. We felt that too much factual knowledge was demanded of him by 
the Higher Certificate. That feeling of uneasiness was amply confirmed when 
the Norwood Report was published, for it speaks of the rigid specialisation in 
the Sixth Form Science. It is stated that the Universities complain that 
science specialists are one-sided ; that they find difficulty in reading for them. 
selves and in extracting the essence of what they read ; that their interests are 
narrow and few, and that they are bad at expressing themselves both orally 
and on paper. Also it is stated that industrialists complain that scientists are 
no good at expressing themselves, and that they have too little practical 
knowledge of their science. So I think it can be taken that there is widespread 
criticism of the general education of the science specialists. I believe the 
fundamental cause of that is that the science, and possibly the mathematics, 
syllabuses in the Higher Certificate contain too much. 

One of the great stumbling-blocks to revision of the Higher Certificate 
syllabus has been the open scholarships at Oxford and Cambridge. This 
stumbling-block is, I think, now in process of being removed. At Cambridge 
an Intercollegiate Committee on Scholarships has been set up, and last autumn 
six members of the Science Masters’ Association, and also some members of the 
Association of Women Science Teachers, were invited to meet the Natural 
Science Sub-Committee of the Intercollegiate Committee. It was rather 
interesting that the Science Masters were divided into two equal groups. 
There were three science masters from public schools and three from day 
schools and there proved to be a fairly sharp cleavage of opinion between the 
two. Those from the public schools were rather dissatisfied with the general 
education of their scientists, and they felt that they could not cope with the 
present Higher Certificate syllabus. On the other hand, the masters from the 
day schools were not particularly dissatisfied with the general education of 
their scientists and they felt that they could cover the ground except in the 
case of those candidates who had to take four main subjects in the Higher 
Certificate in order to obtain exemption from the London Intermediate Exam- 
ination. Nevertheless, after some discussion we reached a measure of agree- 
ment. We passed a resolution, for example, that at least one-third of the 
scientist’s time should be devoted to non-science subjects. You may say there 
is nothing very revolutionary about that ; most would accept that, but in 
fact I think in many schools only lip-service is paid to that. Many of the 
weaker candidates are excused some of their non-science subjects to do their 
science, and often mathematics is included with the non-science subjects where 
[I feel mathematics should be included with the science subjects. 

Then, again, we resolved that certain compulsory non-science papers should 
be set in the open scholarships at Cambridge ; and, very important, the Cam- 
bridge people are considering basing their scholarship papers on the Higher 
Certificate syllabus. They have been doing so, I know, increasingly in the last 
few years, but they will probably commit themselves to basing their papers on 
the Higher Certificate syllabus, and they have approached the Cambridge 
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Local Examination Board and the Oxford and Cambridge Joint Board and 
asked them to set up Joint Advisory Committees, one for physics, one for 
chemistry and one for biology, and a new one in mathematics to revise the 
Higher Certificate syllabus. 

The revision of this syllabus in science at least is well under way. We have 
done a considerable amount of pruning. We have cut out what I call a certain 
amount of dead wood ; that is to say, academic and rather difficult topics that 
are not of much interest to the average pupil. For example, quite a lot of 
quantitative electrostatics has been cut out. We have added something on 
alternating current in physics and a section on wireless. Nevertheless, we 
have consciously pursued the aim of easing the standard in order to release 
time and energy for non-science subjects, and I think that will also have a 
beneficial effect on the science. I think even more than at present we shall 
be able to concentrate on grasp of principle rather than pure factual 
knowledge, and we shall be able to teach the science with a rather wider out- 
look and bring in more the historical development of the subject, its social 
implications and the nature and applications of the scientific method. 

What I think we have to discuss this afternoon is whether the Higher 
Certificate Mathematics syllabus for scientists requires a similar treatment. I 
would suggest that a boy or girl who is taking physics, chemistry and mathe- 
matics as main subjects in the Higher Certificate should count mathematics as 
of equal weight with the physics and the chemistry ; or, if you use the system 
of points or units, as on the Cambridge Local system, the mathematics should 
carry the same number of points as the physics or chemistry. 

We have to consider whether this syllabus does meet the case. I think I am 
sufficient of a mathematician to realise that this syllabus is a fine piece of 
work, but I do not feel competent to criticise it in detail. Nevertheless, there 
is one point I daresay a number of others will, with me, wonder about. I am 
worried a little as to the length of the syllabus. I notice that the time sug- 
ested for it in the preamble is eight to ten periods in a thirty-six-period week. 
If we allow one-third of the time for the non-science subjects that leaves 
twenty-four periods for science and mathematics ; that is, shall we say, eight 
for the physics, eight for the chemistry and eight for mathematics. In the 
public schools the mathematics is carried to a higher standard at School 
Certificate level than physics or chemistry, so I think there is some justifica- 
tion in such schools for rather more time to be devoted to physics and chemistry 
than to mathematics. I would prefer, instead of eight to ten periods, six to 
eight periods for the mathematics for the scientist. 

I see that a certain amount has been cut out from the older syllabuses, a lot 
of coordinate geometry and general integration, but there are a number of new 
items, and I should have thought that the syllabus was, if anything, increased. 
I know much depends on the type of question, and I think the specimen 
questions are a valuable appendage to the syllabus. But if it is decided that 
the syllabus is rather long and if we are going to reduce the science syllabus, it 
is for the benefit of non-science subjects. We do not want the boys to spend all 
the time released on their mathematics. I would suggest that some of the 
three-dimensional work might be cut out. I know it is valuable for a boy to be 
able to think in three dimensions, but the equation of the straight line and the 
plane, for example, I should not vbject very much to seeing cut out ; also one 
or two other similar things. 

I have been invited here as a scientist, and I suppose I am expected to say 
just how much mathematics a scientist would like to see taught. As a physicist 
I would say at once that we should like a boy to know as much mathematics as 
possible, but if I were absolutely candid the amount of pure mathematics that 
a boy requires beyond the Elementary Mathematics of the School Certificate 
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is not very great. A certain amount of simple differentiation and integration, 
some trigonometry, including addition formulae and their consequents, the 
binomial theorem and probably logarithms and exponentials, but not much 
more than that. On the other hand, I think in the case of mechanics it is very 
different. I should be loth to see any item in the mechanics of this syllabus 
cut out. In some physics papers at the moment questions are set on relative 
velocity, projectiles, questions on skidding and banking, and uniform circular 
motion, which we physicists regard as Applied Mathematics. We want to see 
that cut out completely from the physics papers and we want the mathe. 
maticians to make it their responsibility. I expect, in fact, it is taught by 
mathematicians in most schools. I do not think it should be examined in 
the physics paper. 

One other point. It is very valuable for physicists to have absolute units, 
The dyne and the erg can be dealt with at the School Certificate stage. I know 
that in some schools boys are weaned from their gravitational units after the 
School Certificate, and that is usually too late for the physicists ; they have to 
spend a good deal of time teaching about the dyne and the erg to their pupils. 

Finally, I would like to remind you that any recommendations that you 
make this afternoon are very likely to be put into effect because the examining 
bodies and the universities are in a particularly receptive frame of mind at the 
moment in that they are very disposed to listen to what we schoolmasters have 
to say. 

Dr. F. C. Powell (Gonville and Caius College, Cambridge): I have been asked 
to say something from the university point of view. Let me say at once that I 
fully realise that the Sixth forms contain many boys and girls who will not 
proceed to a university, and that their needs must be taken into account in 
framing a Sixth form course in mathematics. 

Before discussing the S.M.A. syllabus in detail I should like to refer to the 
Mathematics Joint Advisory Committee that has been formed recently in 
Cambridge, and on which this Association is represented. Anyone who has 
tried to bring about changes of syllabus in Sixth form work knows how difficult 
it is: the traditional syllabus is so interlocked with the Higher Certificate 
examinations and the University Entrance Scholarship examinations that it is 
extremely difficult for the schools or the examining bodies or the entrance 
scholarship examiners to act independently, and there has been no machinery 
to enable them to move together. Now that this committee has been formed, 
it is at any rate possible for two of the eight examining bodies and all the 
Cambridge College scholarship examiners to move forward in step. I feel 
therefore that this S.M.A. syllabus has a much better chance of being put into 
effect than would have been the case in the past. 

In considering to what extent the new syllabus will meet the needs of those 
proceeding to a university, it must be noted that the Science Sixth separates 
into a number of distinct streams. At Cambridge, some will read Natural 
Sciences, selecting three or so from a range of subjects which includes mathe- 
matics, others will become engineers, others mathematicians. (Let me remind 
you that the Science Sixth is a considerable source of supply of students for the 
Mathematical Tripos. A fair number of those with scholarships in Natural 
Science turn over to mathematics, and a considerable number of candidates 
for mathematical scholarships have taken the Higher Certificate in mathe- 
matics, physics and chemistry, not in “ Group III’ mathematics or “‘ higher ” 
mathematics. Very many schools cannot afford the luxury of a Mathematical 
Sixth, and the mathematician has to rough it with the scientists.) 

The Science Sixth contains boys and girls who differ not merely in ability, 
and in particular in mathematical ability, but also in the general balance of 
their subjects. Though studying the same group of subjects, one boy will be 
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attracted by the mathematical side, laying emphasis on mathematics and 
thysics, another will be attracted by the descriptive side and will wish to 
gend most of his energies on chemistry and the experimental and descriptive 
aides of physics. 

The problem, then, is to devise syllabuses and corresponding examinations 
—both for Higher Certificate or whatever may take its place, and for Scholar- 
dhips—that cater adequately for the great variety of needs, remembering that 
shools do not possess unlimited resources in staffing and that most of these 
boys must be taught together, in the same class. 

The existing Higher Certificate schemes do, to some extent, provide for a 
certain variety. Thus a boy of moderate ability who wishes to concentrate on 
mathematics and physics in the Oxford and Cambridge Joint Board’s examina- 
tion can take Group III pass mathematics plus Group IV physics, and in the 
(ambridge Locals examination he can offer ‘“‘ Advanced Mathematics ”’ plus 
physics. If he is of scholarship calibre, he is less happily placed. He must 
decide either to become a mathematician and offer Group III mathematics 
with the distinction papers, or higher mathematics, or to become a scientist, 
taking Group IV mathematics the standard of which is far below his needs or 
capabilities. In my opinion, the Group system, backed by the University 
Entrance Scholarship system, has created an artificial and most unfortunate 
gap between the scientist and the mathematician. The boy of scholarship 
calibre who wishes to beeome an engineer or a theoretical physicist (taking, in 
Cambridge, the Mathematical Tripos) falls between two stools. The Advisory 
Committee to which I have referred has considered this matter, and has given 
its approval to a modification of the Entrance Scholarship examination in 
which the General Mathematics paper (to be re-christened the Advanced paper) 
isto be made alternative to physics or chemistry ; and one of the scholarship 
groups at least will, I understand, introduce the scheme in the near future. 

I think that the S.M.A. committee has provided the solution of many of 
tuese difficulties. It suggests the recognition of two levels : the Ordinary and 
the Advanced. The Ordinary is suitable for the boy or girl of average ability 
taking the combination of subjects, physics, chemistry and mathematics, and 
ought to provide adequate foundation for a university course in either science 
or engineering. I suggest that it would also serve the scholarship boy whose 
strength was on the descriptive side—in chemistry and physics, and not on the 
mathematical side. 

The Advanced syllabus is designed for the scientist, but it includes serious 
mathematics, and it seems to me to be just what is wanted by the scholarship 
boy, of real ability in mathematics, who desires to become an engineer or an 
applied mathematician, and for many who desire to become physicists. I 
presume that the subject taken at this level would normally be accompanied 
by physics, but that chemistry would be taken, if at all, more lightly—possibly 
at subsidiary level. 

Consider now how the boy or girl who has taken the Ordinary syllabus will 
fare at the university, supposing that he continues to study mathematics, 
physics and chemistry. He will very soon meet differential equations, for 
example in mechanics and in electrical circuit theory and later in chemistry 
(reaction rates), and it is difficult to introduce them sufficiently early in the 
university mathematical course. He is inclined to find the idea frightening, 
and I therefore welcome the introduction of the simplest kind into the Ordinary 
syllabus. He will also soon meet the idea of surface and volume integrals (for 
example, Gauss’s theorem in electrostatics) ; this gives surprising difficulty, 
which I ascribe to too much emphasis in the schools on integration as differ- 
entiation reversed, too little on the definite integral. I do plead for more 
emphasis on the definite integral. But I am not sure that I would go so far as 
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to include Simpson's rule is not the » laplor trapezium rulo more appropriat 
at this staye? 

Our student will find it necessary to think in three dimensions from the start, 
for oxample in electrostatics and in chemistry (the forms of atoms and mole. 
cules and crystals). My experience is that he finds the beginnings of three. 
dimensional coordinate goometry hard. L would suggest the introduction 
even into the Ordinary syllabus of the very beginnings of three-dimensional 
coordinate goometry, say, tho idea of three coordinates and the distance 
between two points. 

I think that the reaction against geometry has gone a little too far. Tho 
Ordinary syllabus mentions neither ollipse, hyperbola nor parabola. Yot our 
student must undorstand elliptically-polarised light, the properties of the 
parabolic mirror, elliptical planetary orbits and the hyperbolic orbits of the 
tutherford theory of the scattering of alpha particles. [find it hard to suggest 
a suitable approach for tho sciontist to the relovant parts of goomotry 
perhaps through parametric reprosentation. These curves often turn up that 
way, with time as the parametor. 

Kinally, our student will need partial differentiation, if only for thermo 
dynamics, and must be reasonably good at it. This again is found hard. Ido 
not suggest that it ought to be put into the Ordinary syllabus, but | wonder if 
the approach to calculus through differentials would help to prepare the ground! 

As for mechanics, L merely remark that the 1937 Investigators of the Higher 
Certificate examinations recommended that hydrostatics should be taught and 
examined under physics, not mathematics ; it is not important enough to be 
done twice. 

Turning now to the Advanced syllabus, [ shall only say that anyono who 
had covered it would have nearly all the mathematics he needed for the pliysics 
and chermistry in Part | of the Natural Science Tripos, and so would be in the 
position to go ahead at once on to more advanced work — a very great advantage. 
L particularly welcome the differential equations and the three-dimensional 
coordinate geometry. My only fear is that the syllabus, as it stands, will prove 
too heavy. Everything in it is useful and I have found it hard to find what 
could be cut out.“ Taylor's Theorem ” means, | presume, no more than the 
use of Maclaurin’s series. Lar not sure that | should include “ Virtual Work”; 
itis, | am told, enjoyed by both teacher and pupil, and it certainly provides an 
elegant method of solving certain problems. Tho method is, however, rarely 
understood properly, and the probloms have nearly always been specially 
invented ; it is not nearly so useful in dealing with the actual problems thata 
scientist is likely to meet. 

Before LT sit down L should like to congratulate the committee that has pre 
pared these syllabuses. They have done, in my estimation, a most excellent 
and valuablo pleco of work, and I for one would welcome the introduction of 
these syllabuses whole-heartedly. 

Mr. C. G. Nobbs (City of London School) : Lam going to try, as quickly as] 
can, to vo through the details of the syHabus and to show how the committee 
camo to recommend what they did and leave out what they did. 

Kirst, a fow words about differonces that we as schoolmasters ordinarily 
meet in dealing with mathematical specialists and scientists. That was 4 
point we bore in mind the whole time. It has already been said several times 
that tho organisation of a school, especially in regard to mathematics and 
science, is very Complicated, and you cannot always do exactly what you like. 
If L could do what FT liked, 1 would teach mathomatical specialists separately 
and the scientists separately. No doubt everybody else would also. But in 
point of fact we have to economise. In my case we economiso during tho first 
year after School Cortificate by teaching the better of the scientists at mathe- 
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watics with the mathomaticians. Often they have all taken the additional 
mathomatics papers, and have all obtained about the same sort of success, 
ud they start level ; and yet one finds it impossible to keep those two sets of 
joys together for twelve months as a class. After the expiration of about six 
nonths they are two separate groups, and it is not due to their intelligence or 
nathomatical ability but to the difference in time which they are able to give 
to the subject. ‘The extra few periods that the mathematicians get here and 
there mean an increase of power, and particularly an increase of manipulative 
kill. Wo cannot expect these scientists to have the manipulative skill that 
the ordinary mathematician gots somehow or other by some mysterious 
method. ‘Therefore, we have to frame a syllabus in which no high degree of 
echnical skill is required. ‘Chat has not always been done in the past. When 
you study some of the Higher Certificate syllabuses, oven as they exist to-day, 
you got the impression that the syllabus is a sort of frustum of the matho- 
matician’s syllabus cut off at a certain point. Consider for example one syllabus 
in puro geometry ; “candidates will be expected to be familiar with the 
theorems associated with the names of Simson, Ptolomy, Menelaus and Cova”” ; 
the examiner thinks that they can get as far as that in the book and no further. 
Instead of the frustum syllabus, I think we should prefer an organic syllabus 
designed to fit together, to give the impression of mathematics as a unity and 
devoid, as far as possible, of special technical difliculties. 

We took the idea of functions as the central idea and around it we built this 
yllabus. Starting, we may suppose, from the level of “ additional mathe- 
matics ” it is natural to develop the subject from variation through gradients, 
and thus very quickly throw off a sort of side branch in the shape of very 
dementary coordinate geometry. Here | would like to draw attention to an 
illustration of the method by which we selected the syllabus. You will notice 
that the coordinate geometry of the straight line excludes the porpen- 
dicular from a point to a line. ‘This was done not because we thought it unim- 
pectant but because it does not fit in well with the development of the subject 
by the use of gradients. ; 

Applications of coordinate geometry to loci problems follow naturally. 
Here you have the opportunity of drawing attention to the fact that the graph 
of f(x, y) -0 is not merely the locus of points for which f(a, y) vanishes, but, 
in the simple cases under consideration, divides the plane into two regions in 
which f(a, y) has opposite signs. ‘This provides the opportunity of introducing 
the graphical treatment of inequalities. Inequalitios have been overshadowed 
inthe past by equalitios, but surely there are occasions when a scientist needs 
to know something about inequalities just as much as equalities. 

Thon the central idea of functions is developed as rapidly as possible through 
2", with n positive, fractional and negative; trigonometrical functions, 
logarithmic and exponential functions. ‘The hyperbolic functions are not 
actually montioned but were included in the minds of tho committee. 
We were anxious to give practice with as many functions as possible, No 
inverse functions are included in the ordinary syllabus. ‘These functions 
would be copiously illustrated by graphs, and simple problems solved graph- 
ally would ariso naturally. For example: for what values of « between 
~4n and + 47 is tana groater than x. 

The next development of the function idea would, I think, be the considera- 
tion of the change in y, where y— f(x), for a given change in x, from which 
small changes and approximations would follow ; thon successive approxima- 
tion, and Maclaurin’s series would arise naturally. Here we introduce the 
series for (142)", log (142), e”, sina, cosa, regarded as approximations, 
followed by construction of tables. We rule out theoretical discussion of 
convergence, although L suppose that questions on rapidity of convergence 
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would arise. All questions on greatest terms and coefficients in the binomial 
expansion are meant to be excluded. We could not leave the subject of 
approximations without dealing with the approximate solution of equations, 
but nothing difficult is meant by that : just the elementary idea of gradually 
getting better and better approximations to the roots of equations. 

There is also the operation inverse to differentiation. I should like to be the 
first to say that I agree with Dr. Powell that we should emphasise the integral 
asalimit. I believe that this is actually being done nowadays. In the syllabus 
you have before you, the important point about integration is its dey elop- 
ment, as quickly as possible and as far as possible, to the solution of simple 
differential equations. Unfortunately, only the simplest treatment is possible 
in the time allowed to the boys, but I think there should be time to introduce 
the ideas of families of curves and classes of functions. 

Then we could not leave out the question of functions which happen to be 
defined implicitly. The best elementary examples of these are afforded by 
curve tracing, in connection with which I think I can say that the conic 
sections would turn up and would be named, and it is true that they would 
probably be traced in many cases from their parametric equations. 

That would lead to approximations near the origin and at a great distance 
from the origin ; we should return again to the subject of approximations. 
Functions of more than one variable are not included in the ordinary syllabus 
but some treatment of more than two related variables is included under the 
heading “simultaneous linear equations’’. That is not always done at 
present, and would probably be rezarded as an addition, but they do occura 
good deal in statics and, anyhow, they are far more interesting than symmetric 
functions of the roots of equations, which have been cut out. It is important 
that these science boys should know early on that there are sets of linear 
equations which do not have a unique solution, or any solution. 

We now come to the question of geometry. When we went to Rugby we 
went at the invitation of the Science Masters’ Association, and we thought 
that common courtesy suggested that we should approach the physicists and 
ask what mathematics we should teach from the point of view of science. | 
must say that we did not necessarily bind ourselves to agree with what they 
said, but we did go so far as to meet the physicists and say: ‘“‘ Now what 
mathematics would you like us to teach?’’ The answer was “Calculus”. We 
said, ‘“‘ What about geometry?’ Their answer was “ Calculus ’’. I thought 
it surprising that no theory of spatial relations was interesting to physicists 
but it appears to be so. At any rate, they do not want much beyond School 
Certificate. Could we, then, justify the inclusion of geometry in this syllabus 
on mathematical grounds? We decided not; we felt that we had already 
included a number of topics which had not been included in the past ina 
syllabus which was already widely considered to be too large. In other words, 
geometry was crowded out by what we considered the greater claims of other 
topics. However, I think enough has been salvaged to put up a stone: 
“Sacred to the memory of Geometry. Died in 1944, beloved of everyone 
except the Science Masters’ Association ” 

These remains include, firstly, coordinate geometry in which we have been 
careful to include as many systems of coordinates as possible—cartesian, polar, 
parametric—so that the boys do not run away with the idea that cartesian 
coordinates x, y with rectangular axes are the only set of coordinates it is 
possible to have. Secondly, we have introduced three-dimensional work, 
largely trigonometrical or scale drawing, which is important to precise thinking 
in three dimensions, and, thirdly, curve tracing if it does not arise after co- 
ordinate geometry. 

That concludes my remarks on what we used to call the Pure Mathematics 
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sart of the syllabus. I do not think that there is anything I can usefully add 
owhat has been said about mechanics. As time is passing and we are anxious 
that you should give us your views and not use this meeting for expressing ours 
oo much, I think I should sit down. 

The question has already arisen as to whether this syllabus is too big. I 
shall be very disappointed indeed if this meeting decides that the ordinary 
yllabus is too big. You may think that the number of topics mentioned is 
large and that if you have to deal with them to the extent formerly demanded 
by examiners in Higher School Certificate it would be impossible to do so ; 
but we envisaged that you would not be required to take them to that level. 
The specimen questions provided are meant to explain what we mean by 
imple treatment. I feel that, above all, we want to maintain interest, not 
oly the interest of the boys but our own interest, and sometimes, in teaching 
wience boys, the interest of mathematicians flags. 

Mr. J. T. Combridge (King’s College, London) : I shall confine my remarks 
antirely to the Mechanics syllabus. 

When reading the syllabus as a whole I was impressed by the work which 
the committee had put into the pure mathematics, but I could not help won- 
dering whether, by the time they got to the Mechanics, the state of mind one 
gets into towards the end of framing a complicated syllabus was not beginning 
to have its effect. They have not paid quite the attention I should have hoped 
for to a report of this Association on The Teaching of Mechanics in Schools, 
which was published in 1930. When I mentioned this to members of the 
committee they thought it might be useful if I went so far as to put forward 
an alternative syllabus, so that we could have something to bite on in our 
discussion. 

When commencing to teach algebra it is useful to concentrate a child’s 
mind on cows, buns and other objects, but whereas in algebra you proceed to 
try to eliminate the cows and buns at the earliest possible moment, in teaching 
r.zchanics you have the difficulty that the pupil banishes all the solid objects 
at the earliest moment and concentrates on arrows and differential coefficients. 
I wonder whether we could not take this opportunity of putting up a syllabus 
which would stress rather more clearly than the suggested one the fact that in 
mechanics we are dealing primarily with physical concepts. 

The following alternative syllabus covers much the same ground as that 
proposed by the Science Masters’ Association, but emphasises the inductive as 
well as the deductive aspect. Under any section, only so much of a given topic 
should be dealt with as progress in pure mathematics up to that point allows. 

I have tried as far as possible to follow the historical approach to the subject, 
and, although the Association’s syllabus is for Sixth forms, I feel it will 
be taken as a target by teachers of beginners and that there is no harm in 
suggesting a method of progress which may be followed in lower forms. 

A. Induction. 

1. Bodies at rest : centres of gravity ; levers ; the law of moments. 

2. Bodies in motion : speed and rectilinear acceleration. 

3. The inclined plane, leading to 

the law of the resolved part, and 
the law of inertia. 

4. Work and energy—preliminary notions. 

5. Simple machines, including pulleys, with negligible friction. 

6. Hooke’s law. 


B. Abstraction. 
1. Displacements and their rates of change ; composition and resolution of 
the same. 
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2. Elements of uniform circular motion. 
3. The particle, the lamina and the rigid solid body. 


C. Observation. 

1. Motion of the planets and satellites. 

2. Kepler’s laws. 

3. Newton’s law of gravitation. 

I have not yet mentioned the word ‘‘ force’. It is a fact that it is possible 
to get as far as this without mentioning force or mass, and then show that the 
moon is subject to an acceleration towards the centre of the earth which 
suggests the law of the inverse square. This brings out the fact that gravita. 
tional acceleration towards the earth is a function of position and independent 
of the mass of the attracted body. In section A, one uses the notion of a 
weight or load, but does not till later define it as a force in the usual applied 
mathematical way. 


D. Deduction. 

(a) 1. Newton’s laws of motion. 

2. Dynamical force, action and reaction, mass, momentum. 
3. Absolute units. 
4. Impulse, work, energy and power. 
(b) 1. Rate of change as a differential coefficient. 

Displacement and force as vectors. 

3. Relative velocity. 

4. Simple harmonic motion. 

5. Uniform circular motion. 

6. Projectiles. 

Statical force ; action and reaction ; friction. 

Properties of matter; specific gravity ; hydrostatic pressure; 

Archimedes’ Principle. 

3. Couples ; stability (if required). 

This syllabus is intended to leave considerable freedom to the teacher, but 
its guiding principle is to proceed from experience and observation to concept, 
abstraction and formulation, and afterwards to make the subject formally 
deductive and as complete as is practicable at this stage. 

Mr. A. J. G. May (Isleworth County School) : Are Pure and Applied Mathe- 
matics to be considered as two subjects out of three or four taken? Or is ita 
one-subject paper, Pure and Applied Mathematics ? 

Mr. Nobbs: We regarded it as Pure and Applied Mathematies—one subject. 

Mr. May: I regret that the initiative in this long-overdue reform should 
come not from the Mathematical Association but from the Science Masters’ 
Association. With regard to the reforms suggested, I weleome the omission of 
present pure geometry. Our pure geometry syllabus in Higher Certificate 
seems to be snippets omitted from the pure geometry syllabus in the General 
School; there is no unifying principle. 

With regard to trigonometry, it is not clear what is meant. We have 
“ addition formulae and their consequents ’’. That may mean all sorts of 
abstruse relations between connected angles. 

Mr. Nobbs : It does not ; it means simple. 

Mr. May: The omission of the theory of quadratics and the properties of 
binomial coefficients also seems a laudable step, and the introduction, instead, 
of differential equations would be of great value both to mathematicians and 
to the future science students. The principle of attempting to make a syllabus 
which can be worked on parallel lines for scientists and the mathematical 
student would be of especial value to small schools. I speak from bitter ex- 
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wrience, having once had eight pupils taking two years doing seven different 
things. These difficulties can be surmounted and it looks as if they will be, to 
icertain extent, if the mathematical specialist papers can have some degree of 
yordination about them instead of the vast differences now apparent. 

One warning about the introduction of new subjects. If we introduce too 
much, most of our proofs will have to be very slipshod, or will they be omitted 
itogether? Probably it would be better to omit the proofs rather than give 
proofs that have to be unlearned later. 

Mr. K. L. Wardle (Warwick School, Warwick) : I am thoroughly in agree- 
nent with the introduction of .vectors. That is excellent. But why include 
the scalar product only and not the vector product? I refer to the Advanced 
syllabus, bottom of p. 2. 

‘Mr. E. H. Lockwood: I should welcome the inclusion of what Professor 
Neville calls areal products. In that connection there was an interesting 
ticle in the Mathematical Gazette during last year, and I have done experi- 
nents lately with teaching scalar and areal products. I think we should go a 
ittle further than scalar products. 

Mr. M. P. Meshenberg (‘Tiffin Boys’ School) : I wish to give an example of 
the difficulties that may arise even with a progressive syllabus such as this, 
vhen it is up against a really determined examiner. Unfortunately, most of 
the reference to this ‘“‘ mathematics for scientists ’’ has been concerned with 
those who have one paper. At London University the scientist either has to 
fer pure or applied mathematics, or, if for a university degree, he has to 
ffer both. 

I take as my example a question set in the London Higher School Certificate, 
142, Applied Mathematics III: ‘‘ Forces are represented in magnitude and 
psition by BA, BC, DA, DC. Prove that their resultant bisects PQ ”’. 








D alll Cc Q 


Of the many candidates I presented, only those secured the solution who 
knew that the three diagonals had collinear midpoints. This solution takes 
about three lines and was not what the examiner required. Not getting it 
fom his scholarship candidates, he thought he would guide the ordinary 
sience candidates the following year to his pet brain-wave, and so produced, 
in Applied Mathematics I, 1943, for general and science candidates, the 
following: ‘‘ Show that forces p. BA, p.DC, A. DA, ». BC, acting as shown 
have a resultant which divides PQ in the ratio p:A” 

The proof required was as follows : take moments about P, then 


2p. APDC -2n. APAB=2p. quad. ABCD ; 
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take moments about Q, and we get 2A. quad. ABCD. Hence the resultant has 
moments about P, Q in the ratio » : A and so the result follows. Of course ths 
examiner intended properly humbled teachers to go back to 1942 and say 
‘““Oh, yes! Now I know. In that case A= and therefore the resultant 
bisects PQ ”’. 

I think you must agree that if you are going to teach the theory of moments 
very few textbooks will avoid the temptation, especially in view of the 
popularity of the historical approach, of mentioning that twice the area of the 
triangle does represent the moment, and I can not see many examiners resisting 
sooner or later the invention of an examination trick like this. 

I should like to know how that is going to be met? Is the committee going 
to give a guarantee that examiners will take the trouble either to read plenty 
of specimen questions like those in the Mathematical Gazette or be invited to 
study examination papers of universities outside Britain? 

It has often been said that school work lags half a century behind the front 
of the subject which it is teaching. That appears to be so. I remember the 
sadness with which Professor Neville (Gazette, XIX, p. 5) mourned the fact 
that what he knew when he took his scholarship examination at Cambridge 
twenty-five years before would, he found, have secured him a scholarship 
in 1935. The Higher School Certificate papers in London show that any 
candidate who had been well prepared fifty years ago would have secured 
distinctions in the examination to-day. 

One of the speakers, who is a mathematician, told us that he had hoped we 
should study sets of linear equations and their dependence ; in other words, he 
was talking with matrices at the back of his mind, and he thought a little abou 
that should be put into the syllabus. I could not see the application of this for 
science candidates. But surely at a time when mathematicians on the science 
front are solving differential equations by topological methods, when tle 
topology of the tetrahedron and the sphere are becoming so important, it 
seems rather sad to be told that matrices must be cut out, which are om 
remove behind this in historical development. 

The Chairman (Prof. E. H. Neville): It is not my business to guide thi 
discussion, but in view of what it is proposed should happen to three-dimen: 
sional geometry, and in view of the fact that much less than fifty years ago w 
were so concerned to make the elements of our geometry three-dimensional 
rather than two-dimensional, I think we should be glad if some of the well: 
known experienced teachers of geometry could tell us how that aspect of this 
syllabus strikes them. It seems to me one of the most astonishing reversal 
of our activities. 

Mr..Meshenberg : I rather thought the syllabus met it by pointing to the 
fact that trigonometry should deal with geomet ry in three dimensions 
Actually Professor Baker, quite rightly, says in the opening of his books 0 
Geometry that we can only regard students in the Sixth Form stage as havin 
acquired an experimental knowledge of theorems. The three-dimensioné 
trigonometry will give that spatial intuition and knowledge of the relation 0 
the line and the plane which the student needs apart from where the analytical 
side comes in. I take it that was the view of the committee. 

Mr. S. Inman (Isleworth County School) : I would say, in spite of the Chair 
man’s request, that the suggestions put before us are very valuable. [ saj 
that because I want to make a few criticisms. The science masters tackled 
this problem from a very personal point of view. They said : To what extent 
is Mathematics useful to us and where do we want certain things cut out, 
others put in, and so on? They framed a syllabus from that point of view 
They have made some valuable suggestions, but I think there are other point: 
of view also. 
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Mathematics has been called the handmaiden of not only the sciences but 
also of other subjects. I should like to know what the engineer thinks of 
mathematics. I am sure he would have a very different point of view. And 
there is the mathematician’s point of view ; I am sure it is very useful, especially 
in his own subject. 

It has been considered that in the Intermediate Science examination there 
is a semi-specialisation. Speaking from the point of view of the London 
examination, it has been considered that four subjects comprise the right 
number. The scientists have taken the view that we have science and some- 
thing else, and they have, therefore, divided up the time into three groups. 
I wonder what they would think if the mathematicians took an equally, shall 
Isay, selfish point of view and said : ‘‘ We have pure mathematics and applied 
mathematics and science; divide twenty-four periods into three groups ; 
that will give eight periods each to pure mathematics, applied mathematics 
and science ’’. It seems to me that the point of view expressed by the scientists 
is just as bad as that expressed by the so-called mathematician. 

The syllabus suggested is quite extensive, much beyond what we now have 
in the present Higher School Certificate syllabus for London, and in spite of 
the assurances that topics should be dealt with from simple points of view, we 
have had Dr. Powell’s statement that he would like plenty of practice in 
differential equations, partial differential equations and so on. In fact, it 
would take a considerable time to cover the syllabus which has been suggested 
and I think that the allocation of the time suggested ought to be reconsidered. 

I say again that I am much in sympathy with the general trend of the 
syllabus, but it is one-sided, particularly from the point of view of mechanics. 
They have left out important topics, especially in the less advanced syllabus. 
Icannot understand the omission of rotation of a rigid body, even if simply 
treated ; that is important. Why has there been no mention of nomography ? 
I should have thought that that is a most important application, especially 
irom the functional point of view. ; 

Mr. Lockwood: Rotation of a rigid body is in the ordinary syllabus ; we 
made rather a point that we wanted to emphasise rotational motion and 
couples. 

Mr. C. O. Tuckey (Charterhouse, and recently Winchester): As a lifelong 
enthusiastic teacher of geometry my natural feeling is to weep because of the 
omission of so much of the subject. A little more than was necessary seems to 
have been left out. The desire to omit has carried those concerned so far that 
certain things will have to be replaced as the basis of subsequent work. 

I want to ask the scientists to be more definite on two points in their 
demands on the mathematicians. First, to what extent does modern scientific 
theory want a return to the teaching of permutations, combinations and 
probability? One reads that the only thing known about an electron is a 
probability. Is there any mathematics wanted as a preliminary to trying to 
understand this? 

Secondly, I have long felt we ought to put statistics into the school course. 
To what extent ought statistics to take the place of some of the algebra that 
we may be leaving out? Would the scientists please be more definite. 

Mr. A. J. Hatley (Imperial College) : I am not a scientist but a mathema- 
tician. I discussed the syllabus with some members of the Physics Depart- 
ment of Imperial College and they were, on the whole, well satisfied with the 
new suggestions. They did not regret the geometry left out and approved the 
inclusion of calculus and applied mathematics. The advanced syllabus they 
think may be too full. In our own College first-year mathematics syllabus, 
descriptive geometry has been omitted, and some statistics included. 

Mrs. Shuttleworth (late of Queen’s College, W. 1): Girls’ schools do not 
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seem to have received any consideration up to date. It is tacitly assumed that 
potential physicists all take additional mathematics in the School Certificate, 
I believe the lady members present will bear me out when I say that only a 
very small minority ever do so. That may be the fault of the papers in addi. 
tional mathematics. I think they are due for revision, but I believe the pro- 
gramme in the girls’ schools is already hectic and will prove impossible if it 
has to be assumed that the girls have already done additional mathematics. 

The point made by a previous speaker that the rule that one-third of the 
time has to be devoted to non-scientific subjects is winked at in many schools 
is not true of the average girls’ school. No appropriation of time would be 
possible in that way. Are the committee prepared to offer a wide option on 
the ends of the syllabus so that the girls can have a chance on it, or is the 
subject to lie outside their province in the future? 

Mr. J. W. Withrington (Greenford County School): I hope there will be 
general agreement among schools, scientists and universities that there should 
be a reduction of the amount of science detail taught to Sixth forms. 

I also hope that a most determined drive will be made for this syllabus to be 
adopted by all examining bodies. If we come to an agreement, as an associa- 
tion, with one examining body we may be leading ourselves into very great 
difficulties with other examining bodies. We shall also be making difficulties 
of organisation for those schools which have pupils going up to more than one 
university. 

With regard to the question of the simplicity of the examiners’ reactions to 
our suggestions for simplicity : is it possible that an explanation should be 
given to examiners, not only of the contents of the syllabus, but also of the 
spirit in which it should be operated? Does ‘simple’? mean elemental, the 
elements of the subject, bringing out the inner meaning of principles ; or does 
it mean just simpler tricks? The difference between these types of simplicity 
has not sunk deeply into the practice of examiners. 

L speak as a person having a foot in both graves, the teaching and examining 
graves. The examiners who wish to move in your direction need some power 
behind their arms. 

1 would ask for a greater ‘* mechanicality * in the mechanics papers. What 
seems sometimes to be examined is the science of heavy flies walking on the 
trunks of light elephants — tricks rather than principles. 

To sum up, if the simplicity we require is best described by the word 
‘elementary ”—taking fully into account the whole area of meaning covered 
by that word—it would be well to make the point very clear. 

Mr. L. C. Soar (Enfield Grammar School) : The syllabus has been considered 
so far rather from the point of view of aims than of means. It would get boys 
to a certain stage at eighteen years of age. I would rather consider it from the 
point of view of thow they are going to get there at all. No such syllabus can 
be successful without a great amount of co-operation. The early appearance 
of simple harmonic motion would be a great help. Examiners need guidance, 
but not of the kind found in the specimen questions (No. 10). 

Miss E. A. G. Knowles (Brighton Technical College) : The syllabus as pro- 
posed may be too full. Has there been consideration as to lightening the 
burden on the memory of the student? There are those who have mathe- 
matical ability but do not combine it with a very brilliant memory. It might 
be said that the pupil is often asked to derive a formula and does not have to 
have it in his memory, but it has to be considered that those who have only 
just gone through the course have to memorise all the various methods. 
Would it not be better to encourage more scientific work in schools? No 
scientist, in doing his work, relies on his memory ; on the contrary, it would be 
careless so to do. He has to refer to previous records. Cannot pupils also be 
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encouraged to work in a more scientific manner, using records or standardised 
collections of formulae? That would make it easier to get through the bigger 
yllabus without having to cut out anything of real importance. Also the 
student would in after-life be able to use what he has previously recorded. 

I speak as a result of experience of having pupils going through the Higher 
school Certificate and then coming to the Technical College. Some have 
ability and intelligence, but when they first come to the Technical College they 
take a long time to recover from the terrible effects of a lot of cramming, and 
thus there is much waste of time. The type of question set will have to be 
different if there is to be no memorising and the use of the student’s own 
records is to be allowed. Those who have no experience or ability would not 
be able to pass an examination because they would not be able to find the facts 
quickly enough, nor know how to use them when found. 

Mr. K. S. Snell (Harrow): I have been asked to sum up the discussion 
which it is really impossible to do in five minutes. My only claim to speak is 
that I am a representative of the Mathematical Association on the sub- 
committee of the committee appointed to consider this question. 

Several remarks have been made about examiners. There are a number 
present and I hope they have listened to what has been said. 

There are some general points which we on the sub-committee wanted to 
clear up which have, in part, been discussed. The first was just mentioned, 
that we consider, essentially in such a syllabus as that suggested, that mathe- 
matics must be considered as one subject. There cannot be a hard division 
into Pure and Applied, as some examinations at present demand. It would 
help the committee if you indic ated that you consider that Pure and Applied 
must be considered as one subject. May I ask for a show of hands on that as a 
general point ? 

The Chairman: Yes, but unless the vote is extremely strong one way or the 
other we cannot take the decision without discussion. 

Mr. Snell asked for a show of hands for and against mathematics being 
regarded as one subject, and the vote was strongly in favour of it being con- 
sidered as one subject, whereupon 

Mr. Withrington said : We need to keep in mind that the acceptance of this 
decision by London University would cut through the whole of their arrange- 
ments for their Intermediate Examination. I do not think we ought to take 
this decision without knowing in our own minds that we are, in fact, asking 
London University to reconsider the whole of their Intermediate arrangements 
not only for Mathematics but for Science and probably for other subjects. 

Mr. Snell : In the sub-committee we felt that in framing the syllabus and 
the examinations we must try to think of Mathematics as one subject, and that 
we would issue a strong recommendation along those lines. 

The second point was partly raised by Mrs. Shuttleworth, and I assure her 
that there are many boys as well as girls who take the syllabus who have not 
done additional mathematics. That is a difficulty which has to be faced. 

1 would take a general approval from what I have heard on the proposed 
ordinary syllabus, with of course certain particular restrictions. But as regards 
the advanced syllabus I feel that many considered it was rather long and it 
can possibly be put forward with some such proviso as the following: That the 
Higher Certificate Examination should at the advanced stage for scientists 
allow alternative sections or alternative papers so as to enable teachers a 
choice of development in their teaching. I feel that if we are going to issue 
such a wide syllabus as this and include, as has been suggested, statistics, that 
some such recommendation would also have to go forward, so that it was 
understood by teachers that they were only expected to cover a certain 
fraction of the syllabus and not the whole of it. 
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There is one more point which, unfortunately, has not been discussed but 
was mentioned by Dr. Powell, and that was whether hydrostatics should be 
omitted from the mathematical syllabus or whether it should be included in 
mathematics as in this syllabus. There seems to be a strong divergence of 
opinion on that. In asking for a show of hands on this point I would say that it 
is only just for the information of the committee of whom there are a number 
present. Would those who are in favour of hydrostatics being omitted from 
mathematical syllabus please indicate? Against. ... There is a fairly equal 
division. That is what the committee feared. 

I think we may say that a general approval has been given to the suggested 
new syllabus and it therefore provides a starting-point for the committees to 
proceed to work on. 


MIDLAND BRANCH. 


A MEETING of the Branch was held in the Education Department of the 
University of Birmingham on 11th March, 1944. Mr. Caton was in the chair 
and forty-two members were present. 

Dr. Pedoe, who read a paper entitled ‘‘ The Square Root of — 17’, traced 
the history of ./( — 1), stressing the fact that early mathematicians avoided it. 
In the interval 1506-1572 Italian mathematicians worked with ./(- 1) and 
obtained a general solution of the cubic equation. Bombelli published an 
algebra book which showed that he understood ./(— 1), and he gave various 
notations for it. He also gave rules for complex numbers. After emphasising 
the work done by Leibnitz, Euler and Gauss, Dr. Pedoe went on to discuss 
two methods for introducing ./(-1) into mathematics. The first was by 
introducing the idea of ordered pairs of real numbers. With suitable defini- 
tions of addition and multiplication such complex numbers formed a field of 
numbers which contained a sub-field isomorphic to the real numbers ; and 
one particular complex number was such that its square was equal to - 1, 
the real numbers having by then been identified with their isomorphs. The 
second method identified complex numbers with sets of equivalent polynomials, 
two polynomials being defined as equivalent if their difference were divisible 
by x?+ 1. This second method was a special case of a general method in 
algebra by which any field can be extended with the aid of an irreducible 
polynomial. In conclusion Dr. Pedoe drew a fanciful picture of the state of 
mind he hoped he had induced in his audience as far as ,/( — 1) was concerned. 

A meeting was held on 20th May, 1944, in the Midland Institute, Birming- 
ham; Mr. Caton was in the chair and sixty-six members were present. 

Mr. H. E. Dance, H.M.I., gave an address on “ Filmstrips : their possibilities 
as a link between mathematics and engineering ’’. The address was divided 
into two parts. The first part dealt with statistical quality control in factory 
work, and showed the use of filmstrips to illustrate this subject in an elemen- 
tary way ; the second part was concerned with the use of filmstrips to show 
the application of geometric ideas to engineering; Mr. Dance took as his 
chief example the extremely sensitive measuring instrument called the com- 
parator. 

Mr. W. R. Speight, also from the Board of Education, was in charge of 
the projector, and at the end of the address he explained the making of a 
projector suitable for filmstrips and capable of being made locally. 

After the interval for tea, there was a short discussion on the address. 
The meeting closed with a hearty vote of thanks to Messrs. Dance and Speight. 

Miss L. E. HARDCASTLE, 


R. J. Futrorp, \ Joint Hon. Secretaries. 
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MATHEMATICAL NOTES. 


1742. A simple model universal joint. 

The model described is so simple that it cannot be original, but I have 
never come across it before. An L-shaped piece of stiff paper or cardboard is 
eased well along the extensions of the inner edges, as in Fig. 1A, the creasings 
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being opposed. The inner edges then become the shaft axes, and the creases 
the half-axes of the spider (Fig. 1B). 

The angular relations of the mechanism are shown better by this model 
than by more elaborate set-ups, and it can be constructed durably from 
Meccano ‘‘ Dinky ” parts (plates hingeable by detachable rods along their 
edges). The motion when the shafts are at right angles is shown very clearly. 
This is usually impossible on the practical engineering materialisation. 

In general any two intersecting creases (hinges) form a universal joint, and 
itis strange that so cheap and strong a construction is not seen in applications 
where a limited range of movement is needed. In fact, three-dimensional 
four-bar linkages seem to be unknown to engineers, but have been used for 
centuries by bellows makers, tailors, and manufacturers of cardboard boxes. 

An extension of the principle makes an interesting kinematical model. A 
strip of paper is folded to give a zig-zag of creases between the edges (Fig. 24). 


A 
B 


Fic. 2A. Fic. 2B. 














The ends are then joined to form an open antiprism (Fig. 2B). Hither edge 
is then equivalent to a ring of rods joined by spherical joints, except for the 


restriction that rotation about a hinge cannot be more than one turn. 
R. A. FAIRTHORNE. 


1743. Taylor's theorem.* 

The following argument, which in principle is similar to that proof of 
Taylor’s theorem which employs integration by parts (Hardy, Pure Mathe- 
matics, 7th edition, p. 327), appears to be direct in approach, since the line 
of reasoning itself produces the form of the theorem. We suppose that f(x) 
is continuous in (a, b). 


* Per Mr. H. Berry ; a proof devised by his pupil, Mr. C. R. Spooner. 








162 THE MATHEMATICAL GAZETTE 


rb 
f(b)=f(a)+| f’(x)dx 
rb (bp2 
f(a) + | J’ (a)dx + | | St’ (a)da* 
“a “aa 


> 
f(a) + | f'(a)dx+... 


“a 
+ \" [Pe eyaeyrs + |" LP sm encaey. Desa ate (i 


‘b f27|n-1 
But | [| | FCP = = GP By snenccencesiicescccsvsstaceseveves (iii 
a “a 


since K is independent of x. Hence by (ii) and (iii) 


er ren—1 
| [| | (f™ (x) — K}(dx)" = 0. 
*“@ ‘a 
Thus there is a number € in (a, 6) such that f(™(é) = K. 
Hence (i) can be written 
S(b) =f (a) + (b-a)f'(a) +... 


b—a)r-! b—a)” 
a =i por-yay4 © . S™(€), where a< <b. 
C. R. Spooner. 


1744. On Note 1675 : minimum deviation of a light-ray through a prism. 
The result can be found without using caleulus. Put 


i, +%5= 20, i, -—2,=2¢4; 
r,+?,= 2a, r,—7,= 2p. 


See figure, Gazette, October, 1943, p. 181. 
By adding and subtracting the equations 
sin 7,;=p sin 7,, sin iz=psinr, 
we have 
sin 6 cos ¢= jp Sin « cos B, 


cos @ sin d= p cos « sin B. 
Eliminating B, 





. zs 12 — | 
tan? @= tan? « {; + — ——— -. 
© cos? ¢ — p* sin? « 
whence )) = 20-A is a minimum, (if p > 1), for 6=0. 
The condition p sin «< | is easily verified. G. W. Brewster. 
1745. On Note 1675 : minimum deviation of a light-ray through a prism. 
The following is a geometrical construction for the deflection, leading to 


an elementary proof that the symmetrical light-path gives the minimum 
deflection. 
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With notation as in Fig. 1, sini,=psinr,, and sini,—psinr,. With 
entre A, draw any circle, cutting AO at B (Fig. 2). Choose C on AO so that 
10-y.AB. Draw CX, CY parallel to QA, PA cutting the circle at X and 
Then sin XAQ=,.sin BAQ. Therefore £XAQ=i,, and_ similarly 
_YAP=i,. The deflection is then equal to .XAY. 


A 





Fia. 1. Fia. 2. 


To show that this is a minimum for the symmetrical position, imagine AO 
to be fixed and AP, AQ to revolve about A, the angle AQ remaining con- 
stant. OX, CY revolve about C in a similar manner. We have to prove 
that the are X Y is least in the symmetrical position. If AK, L (Fig. 3) represent 


A 


Cc 
Fra. 3. 


this position, it is sufficient to prove that are XK >are YL; or if Y’ is the 
image of Y in AC, that are XK >are KY’. 

The angles KCX, KCY’ are equal, and CX >+CY’; therefore if KX, KY’ 
are joined, AKCX >A KCY’. But with KX, KY’ as bases, the altitude of 
the second triangle is the greater. Therefore the base AX --KY’, and 
are AX >are KY’. E. H. Lockwoop. 
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Fourier Series. By G. H. Harpy and W. W. Rocostnskt. Pp. viii, 100, 
8s. 6d. 1944. Cambridge Tracts, 38. (Cambridge) 

Considering the comparative completeness of the subject, and the long 
time during which it has been familiar, the literature of Fourier series is still 
not very extensive. There are chapters on it in many books, but until recently 
a complete account had hardly been attempted. The modern theory, depend. 
ing on Lebesgue’s theory of the integral, was introduced in Lebesgue’s Legons 
sur les Séries Trigonométriques. This was published as long ago as 1906, and 
was unfortunately never re-written. The most complete and up-to-date 
account is Zygmund’s treatise in the series of Polish monographs, published 
in 1935. This is rather a formidable book for anyone but the expert. It is of 
very close texture, and there is much more in it than its 320 pages might lead 
one to expect. 

For all these reasons, the appearance of a Cambridge tract by Hardy and 
Rogosinski is to be welcomed. It is definitely a book for the pure mathe. 
matician, but it should appeal to a large class of readers. It is really quite 
easy to read. A fair background of knowledge is an advantage, though very 
little is assumed. The theory is introduced in a “‘ modern ”’ manner ; “* Hil- 
bert space’’, “strong convergence’, ‘‘ closure’, ‘*‘ completeness *’, and 
general methods of summability are the conspicuous features. This is in the 
nature of the subject. Problems such as those depending on ‘* mean ” or 


‘strong’? convergence have a complete solution, and rightly take their place 
in the forefront of the theory. The classical convergence problem falls into 
its proper place, though, when we come to it, it is treated fully, in some ways 
more completely than in any other book. There appears to be no finality 


about this problem. The last word on the subject at present is a refinement, 
due to Gergen, of a theorem originally given by Lebesgue. This was published 
in 1930, and is Theorém 58 of this tract. 

The book concludes with a very interesting series of notes and references. 
We believe that it will give a great many mathematicians all over the world 
as much pleasure to read, as it must have given the authors pleasure to write. 
We can imagine the satisfaction with which the English author, at any rate, 
must have retired undefeated, having filled his hundred pages and proved his 
century of theorems. KE. C.T. 
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